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Abstract 
Karlsson, M. 2021. Diet and Sarcopenia. Swedish Cohort Studies in Aging Populations. 
Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of Medicine 
1780. 123 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1319-1. 

Sarcopenia is a growing public health concern, involving a loss of muscle mass and function, 
thus resulting in functional impairment. The role of diet in sarcopenia is unknown. 

Paper I identified equations by Mifflin-St Jeor and Harris-Benedict as accurate predictive 
equations for resting energy expenditure among 22 octogenarian men, from the Uppsala 
Longitudinal Study of Adult Men (ULSAM), using indirect calorimetry as a reference. Our 
results address the importance of validating the equation in the study population. 

Papers II, III, and IV aimed to increase the understanding of the role of dietary patterns (DP) 
in sarcopenia and its individual components. Lean muscle mass index (LMI) was determined 
using dual-energy X-ray absorptiometry (DXA). 

In Papers II and III, DPs were defined at baseline using a 7-day food record from ULSAM 
(mean age 71 years). Sarcopenia was defined 16 years later. In Paper IV, DPs were defined 
at baseline using a food frequency questionnaire in women from the Swedish Mammography 
Cohort Clinical (SMCC; mean age 67 years). Sarcopenia was defined 12 years later. 

Paper II used the old definition by the European Working Group on Sarcopenia in Older 
People (EWGSOP1) (prevalence of sarcopenia: 21% of 254). Papers III and IV used the new 
definition (EWGSOP2) (prevalence of sarcopenia: 19% of 257, and incidence of sarcopenia 4% 
of 1,212, respectively). 

Paper II used two a priori DPs (modified Mediterranean Diet Score and modified Healthy 
Diet Indicator). Higher adherence to a Mediterranean-like diet was associated with a lower 
prevalence of sarcopenia at follow-up. 

Paper III defined four a posteriori DPs. Higher adherence to DP2 (characterized by high 
intake of vegetables, fruits, poultry, rice, and pasta) was associated with a lower prevalence of 
sarcopenia at follow-up. 

In Paper IV, the associations between DPs (an a priori defined Mediterranean-like and three 
a posteriori) and sarcopenia displayed no clear associations. However, a DP characterized by 
a high intake of vegetables, fruits, nuts, grains, poultry, fatty fish, and fermented milk was 
associated with a higher appendicular LMI at baseline, better muscle function at follow-up, and 
displayed non-linear associations with changes in appendicular LMI. A DP characterized by a 
high intake of boiled potatoes, dairy, grains, pancake, and sweet bakery, and a low intake of 
wine/spirits and poultry displayed non-linear associations with changes in appendicular LMI. 

Thus, dietary patterns with a common feature of being considered a healthy choice may be 
important for muscle function, muscle mass, and sarcopenia. 
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Populärvetenskaplig sammanfattning på 
svenska 

Bakgrund 
En växande andel äldre personer i befolkningen ökar betydelsen av att förstå 
vilka faktorer som är viktiga för deras hälsa. Det är inte ovanligt att äldre per-
soner lever med begränsningar i fysisk funktion som hindrar dem i deras dag-
liga liv. Detta försämrar välmående och livskvalitet och ökar kostnaderna för 
skattefinansierad vård och omsorg, då de behöver mer vård och stöd. Det är 
önskvärt att öka antalet friska år och inte enbart öka antalet levnadsår (livs-
längd). Med andra ord är det önskvärt att fördröja försämring av hälsotillstånd 
och på så sätt ge förutsättningar för en god livskvalitet för individen och sam-
tidigt minska belastningen på offentligt finansierad vård och omsorg. Åld-
rande är dock inte ett rätlinjigt förlopp och individer med samma kronologiska 
ålder kan ha olika biologiska åldrar. 

Även en blygsam minskning av fysisk funktion kan hindra individer att 
delta i aktiviteter i det dagliga livet (d.v.s. aktiviteter som är gemensamma för 
alla människor och som utförs regelbundet för att kunna leva ett självständigt 
liv). När vi blir äldre förlorar alla muskelmassa och flertalet fysiska funktioner 
blir sämre. En del personer får sådana förändringar i högre grad och detta kan 
då benämnas sarkopeni. Det finns olika definitioner av sarkopeni och i denna 
avhandling har definitioner av European Working Group on Sarcopenia in Ol-
der People (EWGSOP) används. Definitionen definierar sarkopeni som en 
kombination av låg muskelfunktion och låg muskelmassa. Muskelfunktion har 
i denna avhandling utvärderats med hjälp av handgreppsstyrka och chair stand 
test. Chair stand test är ett test som går ut på att mäta hur lång tid det tar för 
en person att göra ett visst antal uppresningar från stol. Även om en förlust av 
muskelmassa ingår i det normala åldrandet ses den här omfattande förlusten 
som något vi vill kunna förhindra eller åtminstone bromsa upp. 

Faktorer som påverkar risken att utveckla sarkopeni är bland annat fysisk 
inaktivitet men troligen har även matvanor betydelse. Hur matvanor påverkar 
är dock ännu oklart men de senaste åren har flera studier rapporterat att det vi 
äter påverkar vår fysiska funktion och vår muskelmassa.  
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Att undersöka matvanor 
Det finns olika metoder för att samla in information om vad personer äter och 
dricker. I denna avhandling har två olika, vanligt förekommande, metoder an-
vänds. I delarbete 2 och 3 har en kostdagbok där deltagarna fick fylla i allt det 
åt och drack under sju dagar används. I delarbete 4 användes ett frekvens-
frågeformulär (Food Frequency Questionnaire, FFQ) där ca 100 vanligt före-
kommande livsmedel (mat och dryck) var uppräknade. Deltagarna svarade på 
hur ofta de hade ätit dessa de senaste 12 månaderna. 

Eftersom vi inte äter enskilda näringsämnen eller, för den delen, enskilda 
livsmedel, utan en kombination av flera olika livsmedel vid ett och samma  
tillfälle, är vår kost utmanande att undersöka. Tidigare har framförallt enskilda 
näringsämnen och dess påverkan på hälsa studerats och en av de tidigaste upp-
täckterna var att vitamin C både kunde orsaka och bota skörbjugg. Under de 
senaste årtiondena har kostmönster använts i ökad utsträckning. Medelhavs-
kost är troligen ett av de mesta kända kostmönster. Fördelarna med att an-
vända kostmönster är att den sammantagna effekten av det vi äter kan använ-
das och att kostmönster är enklare att förmedla till befolkningen.  

I denna avhandling har två olika metoder använts för att ta fram kostmöns-
ter, a priori och a posteriori. A priori betyder att kostmönstret har bestämts i 
förhand och baseras på redan kända samband mellan kost och sjukdom eller 
på näringsrekommendationer. Med hjälp av denna metod kan till exempel följ-
samhet till näringsrekommendationer eller till en medelhavskost undersökas. 
A posteriori betyder att kostmönstret bestämts i efterhand, utifrån vad indivi-
der i studiepopulationen faktiskt har ätit, med olika statistiska metoder. I 
denna avhandling har principalkomponentsanalys använts för att förklara va-
riationen i det totala intaget av mat och dryck. 

Varför behöver detta undersökas? 
Eftersom sarkopeni påverkar individens hälsa och välbefinnande är det viktigt 
att identifiera de bidragande orsakerna som går att förändra, däribland matva-
nornas påverkan på åldersrelaterad förlust av muskelfunktion och muskel-
massa. Därför undersöker denna avhandling om och hur kosten, beskrivet som 
kostmönster, påverkar risken att utveckla sarkopeni i en åldrande svensk be-
folkning. I och med det vill vi öka förståelsen för kostens betydelse för ut-
veckling av sarkopeni och dess ingående komponenter (dvs. muskelfunktion 
och muskelmassa). 
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Vilka ingick i undersökningarna? 
I avhandlingen har information från två populationsbaserade undersökningar 
används. I delarbete 1, 2 och 3 användes information från Uppsala Longitudi-
nal Study of Adult Men (ULSAM). I delarbete 4 användes information från 
Swedish Mammography Cohort - Clinical (SMCC).  

ULSAM inleddes 1970 då samtliga män boende i Uppsala och födda mel-
lan 1920 och 1924 erbjöds deltagande i studien. Vid den första undersök-
ningen deltog 2 322 män (82 % av de inbjudna) som då var i 50 års ålder. 
Deltagarna har sedan undersökts vid ytterligare tillfällen och i avhandlingen 
används data från undersökningarna vid 71, 82 respektive 87 års ålder.  

SMCC är en slumpmässigt utvald undergrupp till Swedish Mammography 
Cohort (SMC). SMC är en populationsbaserad uppföljningsstudie med över 
60 000 deltagande kvinnor från Västmanland och Uppsala län. SMC inleddes 
under åren 1987-1990 då samtliga kvinnor födda 1914-1948, som fick en in-
bjudan till att delta i mammografiundersökning, fick en förfrågan om att be-
svara en enkät om kost och livsstil. Mellan 2003 och 2009 bjöds 8 311 kvinnor 
(yngre än 85 år) som bodde i Uppsala och som tidigare hade deltagit i SMC, 
in till SMCC. De 5 022 kvinnor som accepterade inbjudan inkluderades i upp-
följningsstudien 2015 (som fortfarande pågår). Samma undersökningsrutiner 
som vid baslinjen används vid uppföljningen, men med tillägg av funktions-
tester (t.ex. handgreppsstyrka och chair stand test). 

Vad har undersökts och vad kom vi fram till?  
Delarbete 1 
I delarbete 1 ville vi identifiera den mest exakta ekvationen för att beräkna 
energiomsättning för män (i genomsnitt 82 år) som ingick i ULSAM. En av 
de mest exakta metoderna för att bestämma energiomsättning är indirekt ka-
lorimetri, där mängden syre och koldioxid mäts i in- och utandningsluften. 
Med hjälp av denna information kan personens energiförbrukning beräknas 
ganska noggrant. Metod anses ofta vara dyr och tidskrävande och i klinisk 
vardag används istället ekvationer för att beräkna basalmetabolism och den 
totala energiförbrukningen. Dessa ekvationer är vanligtvis baserade på ålder, 
kön och antropometriska variabler (t.ex. kroppsvikt och kroppslängd). De är 
naturligtvis enklare och billigare att använda, men det är problem med deras 
noggrannhet då ekvationerna kan vara korrekta för specifika grupper, men inte 
på individnivå. Uppgifter om energiförbrukning kan exempelvis användas för 
att utvärdera om det självrapporterad intaget av mat och dryck är trovärdigt.  

I delarbete 1 inkluderades totalt 22 män i våra jämförelser mellan resultatet 
från indirekt kalorimetri (referensmetod) och resultaten från sex olika ekvat-
ioner. Resultaten visade på svårigheten att välja en godtagbar ekvation vid 
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beräkning av energiförbrukning, vilket även andra har visat tidigare. Mifflin-
St Jeor (som bland annat använder muskelmassa som en komponent) var den 
ekvation som vi bedömde vara den mest korrekta. Harris-Benedicts ekvation 
eller WHOs ekvation är tänkbara alternativ om information om muskelmassa 
inte är tillgänglig, även om deras noggrannhet på individnivå var begränsad. 
Då ekvationerna inte ger likvärdiga resultat, och dessutom inte stämmer sär-
skilt bra överens med resultatet från mätningen med indirekt kalorimetri, är 
det viktigt att validera den ekvation som ska användas i den aktuella studie-
populationen. Resultatet kan också tolkas som att indirekt kalorimetri är det 
enda valet för att noggrant kunna bestämma energiförbrukningen i denna 
grupp. 

Delarbete 2 och 3 
I delarbete 2 och 3 undersökte vi om kostmönster vid 70 års ålder påverkade 
förekomsten av sarkopeni 16 år senare. I båda delarbetena ingick män från 
ULSAM. Då definitionen av sarkopeni har uppdaterats under min tid som dok-
torand är det något olika antal män som har inkluderats. I delarbete 2 inklude-
rades 254 män varav 53 (21 %) bedömdes ha sarkopeni (EWGSOP1) och i 
delarbete 3 inkluderades 257 män varav 50 (19 %) bedömdes ha sarkopeni 
(EWGSOP2). I delarbete 3 användes både den nya  (EWGSOP2) och den 
gamla definitionen av sarkopeni (EWGSOP1). Det visade sig att det var en 
mycket liten skillnad i förekomst av sarkopeni (EWGSOP2 = 19 % och 
EWGSOP1 = 21 %), men de olika definitionerna identifierad inte samma män. 
Endast 33 av männen (ca 2/3) bedömdes ha sarkopeni i båda definitionerna. 

I delarbete 2 undersöktes sambandet mellan följsamhet till två a priori de-
finierade kostmönster: Mediterranean Diet Score och Healthy Diet Indicator 
(baserat på WHOs näringsrekommendationer), och förekomsten av sarkopeni, 
16 år senare. Ett ytterligare syfte var att undersöka sambandet mellan kost-
mönster och komponenterna i definitionen av sarkopeni. Logistisk regress-
ionsanalys visade att män i 70-årsåldern som i större utsträckning åt medel-
havslik kost (en kost med hög andel omättat fett samt rik på grönsaker, frukt 
och fisk, men med ett lågt intag av kött) hade en lägre risk att ha sarkopeni när 
de var 87 år. 

I delarbete 3 undersöktes också sambandet mellan kostmönster och sarko-
peni, men istället användes a posteriori definierade kostmönster. Studien in-
kluderade 1 133 män och fyra olika kostmönster identifierades vid baslinje-
undersökningen. Det fanns inga tydliga samband mellan följsamhet till något 
av kostmönsterna och muskelstyrka, muskelmassa eller fysisk prestation. Där-
emot visade det sig att män som hade en högre följsamhet till ett kostmönster 
som framförallt kännetecknades av ett högre intag av grönsaker, sallad, frukt, 
fågel, ris och pasta hade en lägre risk att ha sarkopeni (definierat enligt 
EWGSOP2, men dock inte om sarkopeni var definierat enligt EWGSOP1), 
när de var 87 år.  
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I både delarbete 2 och 3 var högre följsamhet till ett kostmönster som främst 
kännetecknas av ett högre intag av frukt, grönsaker, fågel eller fisk, ris och 
pasta, förknippat med lägre förekomst av sarkopeni 16 år senare. Resultat 
kvarstod efter vi hade tagit hänsyn till störfaktorer som till exempel fysisk 
aktivitet, rökning och sjuklighet. Vi kunde dessutom replikera dessa fynd med 
två olika metoder för att definiera kostmönster, vilket är en styrka. Vi kan 
därmed sammanfattningsvis säga att männens val av mat och dryck påverkade 
risken att utveckla sarkopeni. 

Delarbete 4 
I delarbete 4 undersökte vi följsamheten till både a priori (Mediterranean Diet 
Score) och a posteriori kostmönster (Healthy, Western och  Light meal) och 
förekomsten av sarkopeni, förlust av muskel massa över tid samt de ingående 
komponenterna i sarkopeni. Kostmönsterna definierades vid baslinjen för de 
4 851 kvinnor som hade tillförlitlig information om intag av mat och dryck. 

Den medelhavslika kosten karakteriserades av ett högre intag grönsaker, 
frukt och fisk, men med ett lågt intag av kött. Kostmönstret Healthy karakte-
riserades av ett högre intag av grönsaker, frukt, nötter, fullkorn, fågel, fet fisk 
samt fermenterad mjölk, och samtidigt ett lägre intag av vitt bröd och läsk. 
Kostmönstret Western karakteriserades av ett högre intag av stekt potatis, ris, 
pasta, vitt bröd, kött, inälvor, fisk, ägg, helfeta mejeriprodukter, pannkaka, 
glass, pizza, kakor och godis. Kostmönstret Light meal karakteriserades av ett 
högre intag av kokt potatis, fermenterad mjölk, mjölk, knäckebröd, pannkaka, 
socker/sylt samt kakor, och samtidigt ett lägre intag av vin, fågel och salta 
snacks (t.ex. chips och ostbågar).  

Vid baslinjeundersökningen inkluderas 4 807 kvinnor (i genomsnitt 67 år) 
för att undersöka om följsamhet till något av kostmönsterna var förknippat 
med muskelmassa. Det visade sig att en högre följsamhet till kostmönstret 
Healthy eller till kostmönstret Light meal var förknippat med högre muskel-
massa. Högre följsamhet till kostmönstret Western var däremot förknippat 
med en lägre muskelmassa vid baslinjeundersökningen. 

Vid uppföljningsundersökningen kunde vi inkludera 1 233 kvinnor (i ge-
nomsnitt 65 år vid baslinjen och 77 år vid uppföljningen). Därefter undersökte 
vi om följsamhet till något av kostmönsterna var förknippat med förändring 
av muskelmassa efter 12 år, förekomst av sarkopeni eller låg muskelfunktion. 
Förekomst av sarkopeni var låg (4,4 % av 1 074) och vi såg inga tydlig sam-
band mellan kostmönster och sarkopeni. Högre följsamhet till kostmönstret 
Healthy var dock förknippat med starkare handstyrka vid uppföljningen. 
Dessutom var hög följsamhet till medelhavslik kost respektive kostmönstret 
Healthy förknippat med ett snabbare utfört chair stand test, men kostmönstret 
Light meal var förknippat med ett långsammare utfört chair stand test. Dessa 
resultat kvarstod även när vi tog hänsyn till störfaktorer såsom exempelvis 
fysisk aktivitet, rökning, BMI och sjuklighet. Både medelhavslik kost och 
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kostmönstret Healthy kan betraktas som förebyggande för sarkopeni, men 
detta måste bekräftas i andra studier. 

Vilken slutsats kan dras? 
Den här avhandlingen bidrar till att öka den begränsade kunskapen om ener-
giförbrukning i en befolkning av äldre svenska män. Dessutom visar den att 
det är svårt att beräkna energiförbrukning och därför bör mätning av energi-
förbrukning väljas i första hand. Avhandlingen bidrar även med viktig inform-
ation om kostens betydelse och olika kostmönsters roll som en avgörande fak-
tor för framtida risk att utveckla sarkopeni. 

Även om avhandlingen inte har tillräckliga bevis för vilket kostmönster 
som kan förebygga sarkopeni är det möjligt att ge den friska äldre personen 
en allmän rekommendation. Ett kostmönster karakteriserat av grönsaker, 
frukt, fågel, ris och pasta är ett hälsosamt val. Ett sådant kostmönster är tro-
ligtvis även betydelsefullt för muskelfunktion och muskelmassa. 
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Abbreviations 

ADL Activities of Daily Living 
ALMI Appendicular Lean Mass Index 
ATP Adenosine Triphosphate 
BIA Bioelectrical Impedance Analysis  
BMI Body Mass Index 
BMR Basal Metabolic Rate 
BW Body Weight 
cREE Calculated Resting Energy Expenditure 
CI Confidence Interval 
CRP C-reactive Protein 
CT Computed Tomography 
DAG Directed Acyclic Graph 
DEE Diet induced Energy Expenditure 
DLW Doubly Labeled Water 
DP Dietary Pattern 
DXA Dual-energy X-ray Absorptiometry 
ESPEN European Society for Clinical Nutrition and Metabolism 
EWGSOP European Working Group on Sarcopenia in Older People 
FFM Fat-Free Mass 
FFQ Food Frequency Questionnaire 
FNIH The Foundation for the National Institutes of Health Sarcope-

nia Project 
HDI Healthy Diet Indicator 
HEI Healthy Eating Index 
ICOPE Integrated Care for Older People 
ICTUS The Interdisciplinary Collaboration Team on Uppsala longitu-

dinal Studies 
LBM Lean Body Mass 
LMI Lean Mass Index 
mHDI Modified Healthy Diet Indicator 
MDS Mediterranean Diet Score 
mMDS Modified Mediterranean Diet score (Paper II) 
mMED Modified Mediterranean Diet score (Paper IV) 
MRI Magnetic Resonance Imaging 
mREE Measured Resting Energy Expenditure 
MUFA Monounsaturated Fatty Acid 
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NNR Nordic Nutrition Recommendations 
OR Odds Ratio 
PAL Physical Activity Level  
PCA Principal Component Analysis 
POFR Pre-coded Optical Readable Food Record 
PUFA Polyunsaturated Fatty Acid 
RCT Randomized Clinical Trial 
REE Resting Energy Expenditure 
RMSE Root Mean Squared Error 
RQ Respiratory Quotient 
SD Standard Deviation 
SDOC The Sarcopenia Definition and Outcomes Consortium 
SFA Saturated Fatty Acid 
SIMPLER Swedish Infrastructure for Medical 

Population-Based Life-Course and Environmental 
Research 

SNIC-SENS The Swedish National Infrastructure for Computing – Sensitive 
Data 

SMC Swedish Mammography Cohort 
SMCC Swedish Mammography Cohort Clinical  
TEE Total Energy Expenditure 
UNESCO United Nations Educational, Scientific and Cultural Organiza-

tion 
ULSAM Uppsala Longitudinal Study of Adult Men 
UPPMAX Uppsala Multidisciplinary Center for 

Advanced Computational Science 
VCO2 Volume Carbon dioxide (Carbon dioxide production) 
VO2 Volume Oxygen (Oxygen consumption) 
WHO World Health Organization 
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Definition of terms in this doctoral thesis 

Appendicular lean mass consisting of lean mass in the arms and legs. Bone 
mass is not included 

Dietary pattern consists mainly of food groups, and, in some cases, also nu-
trients. In this doctoral thesis, eating habits (e.g., when the food has been eaten 
or in what context) have not been considered when defining dietary patterns. 

Fat-free mass (FFM) is calculated by subtracting the body fat weight from 
the total body weight 

Lean mass is FFM without bone mass 

Malnutrition includes both undernutrition and overweight/obesity. In this 
doctoral thesis, undernutrition is specified if it is explicitly a low intake of 
nutrients or energy 

Muscle function includes muscle strength or muscle power, and is performed 
at the organ level 

Physical performance includes gait speed, and is performed at the full body 
level 

Sarcopenia is defined according to the European Working Group on Sarco-
penia in Older People (EWGSOP). The main focus in this doctoral thesis is 
age-related sarcopenia (primary sarcopenia) 

Sex refers, according to the WHO, to “the different biological and physiological 
characteristics of males and females, such as reproductive organs, chromosomes, hor-
mones, etc.” 
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Introduction 

The increasing population of older people and prolonged life expectancy par-
alleled by more people living with health-related problems due to improved 
medical treatment of chronic disorders, provide challenges for the care of 
older persons. A desirable way to reduce the burden on health care and in-
crease the quality of life for the individual is to increase the number of healthy 
years (health span) and not only increase the number of years of life (lifespan). 
In other words, it is desirable to delay the deterioration of health status. Aging 
is a complex biological phenomenon that affects the functions of many organs 
and systems, and is a major risk factor for most diseases and conditions that 
limit health span [1, 2]. Despite more than 300 theories there is no single the-
ory that fully explains aging [3], and probably is aging a complex and multi-
factorial process [4]. In addition, aging is not a linear process [5], and individ-
uals with the same chronological age may have different biological ages [6]. 

After the age of 60 years a progressive loss of muscle mass has been re-
ported in both men and women [7, 8], especially after the age of 75 years [9]. 
Aging seems to negatively affect muscle protein synthesis, leading to in-
creased loss of skeletal muscle and can thus be defined as an age-related pro-
cess in older people [10]. Reduced muscle mass can result in deteriorated mus-
cular function, and is independently associated with functional impairment 
and disability [7], which may cause an increased dependence on assistance 
and help from others. Lower gait-speed and lower chair stand capacity has 
been found to be potential drivers of disability in daily activities and to be 
associated with lower quality of life [11]. Even modest reductions in physical 
performance may have a negative impact on daily activities [12]. 

For some, this deterioration in muscle mass and muscle function is more 
pronounced and may evolve into what is called sarcopenia [13, 14] or age-
related loss of muscle function and muscle mass. Sarcopenia has a significant 
role in the health of older persons [15], including quality of life [16, 17]. Sar-
copenia is also associated with a higher in-hospital and 1-year mortality [18], 
and all-cause mortality among community dwelling older people [19]. 
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Prevention of sarcopenia 
There are few studies investigating associations between physical activity and 
sarcopenia prevention; these studies indicate that physical activity has a pre-
ventive role [20]. Physical exercise has a positive effect on both muscle mass 
and muscle function, which is also confirmed in older people [21, 22]. The 
role of nutrition on sarcopenia prevention is less clear. Even though loss of 
muscle mass is a part of the natural aging process, studies suggests it may also 
be affected by diet [23-25]. There are also studies reporting associations be-
tween diet (i.e., protein, Vitamin D, omega-3 fatty acids, dairy products and 
alkaline diets) and muscle function [26, 27]. However, there is still a paucity 
of studies investigating the possible role of diet in the prevention of sarcopenia 
[28], especially in a longitudinal approach [29]. 

Since sarcopenia influences the individual's health and wellbeing, it is of 
great importance to identify contributing modifiable causes. Altogether, this 
motivates research regarding aging and age-related loss of functions and its 
relation to diet. 

Energy requirements 
The ability to predict energy requirements is fundamental in nutritional re-
search and is also a major part in the everyday work at the clinic. In common 
with other self-reported data, dietary data are prone to misreporting and there-
fore at risk of misclassification. One way of trying to deal with misreporting 
is to compare energy intake with energy expenditure. Thus, the ability to as-
sess energy requirements and accuracy in the often-used calculation is of im-
portance, both at the clinic and in research. Resting energy expenditure (REE) 
can be measured using indirect calorimetry, although it is time and resource 
intensive compared to using equations [30], and therefore limited to specific 
settings [31]. As a consequence, REE is often predicted using equations, based 
on anthropometric variables (e.g., height and body weight), age and sex, and 
thus, to some extent, equations are population specific.  

A number of equations have been developed over the last century for pre-
dicting REE, with the Harris and Benedict equation celebrating its 100th anni-
versary in 2019. However, all equations have a questioned accuracy in older 
people [32-34], as age-related changes in body composition affect REE [35]. 
There are only a few published studies on energy requirements in individuals 
>80 years of age, and even fewer including a Swedish population, indicating 
the need for further research. 
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Background 

Diet and health 
For centuries, the relation between diet, health, and mortality has been ob-
served. In 1753, a Scottish surgeon in the Royal Navy proved that scurvy 
could be successfully treated with citrus fruits [36]. Today, we know that 
scurvy is a disease resulting from a lack of Vitamin C. In modern times scurvy 
is rare compared to other nutritional deficiencies, but it is still treated with 
Vitamin C [37]. 

In the western world today, obesity and overconsumption of food are more 
common than being underweight, having undernutrition and getting insuffi-
cient intake of specific nutrients [38]. An increased production of foods, rapid 
urbanization and change in lifestyles, have led to a higher intake of energy 
dense foods and more foods high in free sugars and salt [39]. At the same time, 
many people do not eat enough fruits, vegetables and whole grains [40], which 
might lead to increased incidence of, for example, obesity, cardiovascular dis-
eases, and certain types of cancer. 

Consuming a healthy diet throughout the lifespan may decrease the risk of 
nutrition disorders in all its forms and prevent a range of non-communicable 
diseases and conditions [39, 40]. For example, it is established that unhealthy 
diet increases the risk of cardiovascular disease [41]. The Seven Countries 
study, in the 1960s, reported that populations in the Mediterranean region had 
lower coronary heart disease mortality [42], which increased the interest in the 
Mediterranean dietary pattern. The variation of the incidence of different can-
cers between geographical regions, and within regions or countries over time, 
implicates that environmental factors may determine cancer patterns among 
populations. Known factors such as smoking can explain some variation but 
cannot explain the variation in cancer without known major external causes, 
such as colorectal, breast, or prostate cancers. Evidence from both epidemio-
logical and experimental studies implicates that nutrition, as either food items 
or dietary pattern, has a role in developing these cancers [43, 44]. 

The World Health Organization (WHO) stated in their report Diet, nutrition 
and the prevention of chronic diseases [39], that nutrition is a major modifia-
ble determinant and that alterations in diet have strong effects on chronic dis-
ease, and on health throughout life. They also stressed that dietary adjustments 
may determine whether or not an individual will develop such diseases as can-
cer, cardiovascular disease and diabetes mellitus later in life. 
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It is well-accepted that micronutrient deficiency and related diseases can 
be cured with the lacking nutrient. It is also well-known that nutritional status 
has a significant role in immune response, and that undernutrition including 
deficiencies of trace elements, vitamins, or protein is associated with impair-
ments in immune function. Aging is also linked to impaired immune function. 
However, this has been refuted by Krause et al. [45], reporting that immune 
function was not compromised with aging in a cohort of healthy, well-nour-
ished women. In addition, decreased immune function as a cause of nutritional 
deficiency should not be confused with immunosenescence, as nutritional de-
ficiency is not age-related and is potentially treatable, as opposed to im-
munosenescence [46]. The term immunosenescence usually refers to an age-
related, multifactorial dysfunction of the immune system, which leads to an 
enhanced risk of infection and plays a critical role in most chronic diseases in 
older people [47, 48]. 

Nutritional deficiencies, and nutritional status, may affect the results when 
studying diets and nutrients’ effect on, or associations with, outcome. The in-
consistent effect of leucine, protein, polyunsaturated fatty acids, and Vitamin 
D, as supplements to the regular dietary intake, on muscle mass and muscle 
function [49-55] may be due to nutritional status of the participants included 
in the studies. However, the results can probably also be influenced by differ-
ences between the study populations in terms of age, sex, body composition, 
health status, physical activity, dietary habits, and the length of the follow-up 
[21, 53, 55, 56]. The effect of dietary supplementation is probably limited in 
well-nourished individuals [21], which, for instance, is highlighted in the 
guidelines from the International Conference on Sarcopenia and Frailty Re-
search (ICFSR) [57], only recommending supplementation of Vitamin D 
(with the aim of treating sarcopenia) in cases of deficiency. 

The impact of dietary habits on health, both current as well as in conse-
quences later in life, can thus be due to either too little or an excessive intake 
of food (i.e., nutrients), and be affected by the individuals’ nutritional status.  

Energy intake and energy balance 
Energy can be converted from one form to another, although it can neither be 
created nor destroyed. When consumed energy can, simplified, occur within 
the body, either stored as body fat or glycogen, be converted into adenosine 
triphosphate (ATP), or used to produce heat.  

The intake of energy needs to balance energy expenditure, to maintain body 
size, body composition, and a level of necessary physical activity consistent 
with good health throughout life [58]. A positive energy balance is a result of 
energy intake being higher than the energy expenditure, leading to an increase 
of body weight. A negative energy balance is thus a result of energy intake 
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being less than what is consumed, leading to a decrease in body weight. How-
ever, compared to the large energy turnover in one year, most adults maintain 
energy balance rather well [59]. It seems that the energy expenditure reduces 
during negative energy balance [59, 60], however, the opposite (i.e., increase 
of energy expenditure during positive energy balance) does not occur [59]. 
Even though there is no biological reason for a specific amount of energy to 
be consumed per day, recommended levels of energy intake are often referred 
to as daily intakes. In addition, there is no definition for the number of days 
over which the requirement must be averaged, and day-to-day variation during 
short periods is believed to be of little importance. However, periods of seven 
days are often used when estimating the recommended daily intake [58]. 

Assessment of energy expenditure 
Resting energy expenditure (REE) contributes to approximately 60–80% of 
the total energy expenditure (TEE) among the majority of the general popula-
tion [61]. REE is consistently used as a first step to define TEE, in order to 
then consider energy expenditure due to physical activity and the diet-induced 
thermogenesis (DEE) [58]. 

The ability to predict REE is important from several perspectives, both 
from a clinical perspective to evaluate energy balance but also, to validate and 
analyze dietary intake in surveys. This requires a valid instrument for meas-
uring energy expenditure, in order to assess the extent of misreporting in die-
tary intake and to assure that the instrument does not distort the perceived 
relation between intake and health [62]. Since TEE is calculated by multiply-
ing REE with different factors for physical activity levels, the accuracy of 
REE is crucial since errors in REE could otherwise be enlarged [63, 64]. 

Indirect calorimetry is one of the most accurate methods for clinical meas-
urement of REE, although it is time and resource intensive compared to using 
equations [30], which are usually based on demographic (age, sex) and an-
thropometric (weight, height) variables. Therefore, indirect calorimetry is not 
commonly available for either clinical practitioners or research, and calcula-
tion of REE is often preferred. 

A number of equations for predicting REE have been developed over the 
last century, often based on populations of healthy adult individuals. Each 
equation accurately predicts energy expenditure for the population used for 
deriving the equation [32] or specific, very similar, groups [30], but they have 
a poor predictive value for an individual’s “true” REE as measured by more 
objective methods [30], e.g., indirect calorimetry. 

The accuracy of these equations in older persons can and has been ques-
tioned [32-34], as age-related changes in body composition and cellular en-
ergy metabolism affect both TEE and REE [35] and are individual. Age-re-
lated decrease in REE is mainly related to decreased fat-free mass (FFM) [31], 
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which can be due to a reduction in organ mass and muscle mass [61, 65]. Even 
though FFM is the strongest predictor for REE, explaining 72–80% of the total 
variance in REE [35, 66], the decrease in REE is not fully explained by the 
age-related decrease in FFM [67]. Therefore, the REE prediction equations 
validated in younger populations are not adequate in older persons, particu-
larly not in the very old (> 80 years) individuals, especially those having sar-
copenia. However, Yeung et al. [68] concluded that body weight, and not 
FFM, was the strongest determinants of REE, measured with indirect calorim-
etry, in community dwelling geriatric outpatients. The authors did not find any 
associations between severity of disease and REE. 

Two of the most routinely used equations [30, 34, 63] are the Harris-Ben-
edict equation [69] and the WHO 1985 equation [70]. Weijs et al. [71] com-
pared 18 different REE predictive equations in men and women (mean age 45 
years, SD 16.9) with indirect calorimetry and concluded that the Harris-Ben-
edict equation and the WHO 1985 equation are the most practical and rela-
tively accurate equations to predict REE. Other studies have reported similar 
[33, 72] but also conflicting results [63, 64]. For example, Reidlinger et al. 
[73] concluded that no equation accurately calculated REE in individuals ≥70 
years. Cioffi et al. [74] also concluded, in a systematic review, that none of 
the prediction equations are accurate in estimating REE in healthy older peo-
ple, and the equations mainly overestimate the REE. However, at an individ-
ual level, the Harris-Benedict equation displayed the highest accuracy. 

New prediction equations are continuously being developed using a variety 
of factors (e.g., age, ethnicity, anthropometrics, sex, acute and chronic dis-
eases) as predictors and are applied in different populations. The growing 
number of equations makes it difficult to select a specific equation that is ap-
plicable in one’s specific contexts.  

Assessment of dietary intake 
Assessment of dietary intake involves gathering information on the individ-
ual’s consumption of food and beverage. A major challenge is that dietary 
intake varies from one day to another [75]. To get a fairer picture of the indi-
vidual’s habitual consumptions of food and beverage, the dietary intake is av-
eraged over a prolonged period of time (weeks or months rather than a single 
day). Dietary intake is often self-reported, assessed by either real-time record-
ing (e.g., food diary and food record) or by recalls (e.g., 24-hour dietary recall 
and food frequency questionnaire) [76]. New technology-based methods are 
emerging and will hopefully reduce the burden on both respondents and re-
searchers [77]. The information collected is then translated to weight or vol-
ume, coded and processed, using food composition tables, to convert the die-
tary intake into information on the content of energy and nutrients. Assess-
ment of dietary intake may also provide information on consumption of food 
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items or food groups, dietary behaviors (e.g., how meals are consumed) and 
dietary patterns. This is all depending on the methods used and the time period 
(e.g., 24 hours, days, weeks etc.) during which data were recorded. 

In food records, the respondent prospectively records the intake of food and 
beverage at the time of consumption, usually during 3–7 consecutive days. 
Portion sizes may be weighed or estimated (e.g., using household measures or 
pictures) [75, 76]. 

In a 24-hour recall, the respondent is asked, by a trained interviewer, a se-
ries of structured open-ended questions on food and beverage being consumed 
over the previous 24 hours. Multiple recalls can be performed to decrease the 
effect of day-to-day variation in dietary intake and capture a more habitual 
dietary intake [76]. 

A food frequency questionnaire (FFQ) is designed to capture habitual die-
tary intake and contains a defined list of foods and beverages. The number of 
foods and beverages (in the range of a few to more than 100) depends on 
whether the intention is to assess the total diet or target a specific nutrient or 
food. The frequency options are usually closed-ended, ranging from consump-
tion several times per day to a number of times per week, month, year, or never 
[76]. 

Misreporting 
Misreporting of energy intake is a well-known problem in the measurement 
of dietary intake [62, 78, 79] and might blur or even alter associations between 
dietary intake and outcome [80, 81]. Therefore, misreporting must be ac-
counted for in the analysis and interpretation of the results [82]. Sources of 
error include difficulties in recalling or recording meals and food items accu-
rately, and the inherent limitations recording food items on food composition 
databases [83]. 

Comparing reported energy intake with energy expenditure could explore 
the validity. However, even if assuming weight stability, an absolute agree-
ment between energy intake and energy expenditure cannot be expected due 
to normal day-to-day variation. There are different methods to identify if in-
dividuals have reported a reasonable energy intake. For example, the Goldberg 
equation [84], where resting energy expenditure is used to predict upper and 
lower confidence limits (cut-off) for reasonable energy intake. 

The use of dietary biomarkers may be helpful to overcome these errors but 
has its own limitations. A nutritional biomarker is measured in a biological 
specimen (e.g., blood, biopsy tissue) that serves as an indicator of intake of a 
specific nutrient or as an indicator of nutritional status [85, 86]. For example, 
doubly labeled water (DLW) may be used to measure total energy expenditure 
(TEE), and urinary nitrogen may be used to estimate total daily intake of pro-
tein. The DLW method includes drinking a small dose of labeled water and 
colleting urine samples, usually for 14 days, for analyzing with isotope ratio 
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mass spectrometry. Biomarkers are discussed in more detail in the section on 
“Misreporting of dietary intake.” 

Even if the reporting on the dietary intake itself is accurate, there is a risk 
that the participants alter their food choices (e.g., choosing food considered 
healthy) in response to being surveyed, known as social desirability bias [87]. 

Although self-reported dietary data are prone to measurement errors, and 
probably always will be, they provide information that is not possible to obtain 
from biomarkers. However, if analyzed and interpreted appropriately self-re-
ported dietary data are useful for elucidating the associations between diet and 
outcome [88].  

Measurement errors in self-reported dietary data are discussed in more de-
tail in the section on “Misreporting of dietary intake.” 

Dietary patterns 
To evaluate the impact of dietary habits on health is complex, as the diet con-
tains a variety of nutrients, and other bioactive components in varying 
amounts in a large range of different food items. These food items can then be 
consumed in a variety of combinations and often have a strong cultural con-
nection. Given their biological origins, all food items are likely to contain a 
mix of nutrients, some more beneficial than others to human health. 

Results from dietary assessments can be divided according to the degree of 
compliance with various criteria. These criteria may include nutrients, such as 
fatty acids and protein, and/or food items, such as intake of fruits and vegeta-
bles. These combinations can be called dietary patterns and the Mediterranean 
dietary pattern is probably one of the most well-known. The dietary pattern 
approach makes it possible to examine the total effect of the diet instead of 
looking at single nutrients or food items [89]. 

The intake of food and nutrients is commonly associated with certain die-
tary patterns, which makes it difficult to examine effects of single nutrients 
without potential confounding effect of other food choices [90]. As there is a 
high level of inter-correlation between some nutrients, the degree of independ-
ent variation is limited, making it difficult to examine their separate effect 
[91]. Moreover, food synergy, i.e., the additive influences of food items on 
health [92], points to the need for considering whether the effects are due to 
single nutrients within a food item, the food item itself, or the dietary pattern 
that includes the specific food [93, 94]. Previously, nutritional epidemiology 
has focused on single nutrients and their association with disease. As men-
tioned above, the effects of many single nutrient deficiencies are well known 
[95], but this strategy does not seem to be the answer when examining effects 
on chronic disease in the non-deficient state [93, 95]. Instead, the approach to 
evaluate synergistic effects of various food items, and focusing on the whole 
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food, has been strongly argued for [93, 94, 96], and has also been more present 
in research in the last few decades [97]. 

However, as dietary patterns are unique to each study population there are 
potential difficulties in comparing results from different studies performed in 
various populations [89]. 

Methods for defining dietary patterns 
There are many techniques to define dietary patterns, and the methods are of-
ten subdivided into a priori and a posteriori defined patterns. Which applica-
tion to use depends on the aim of the study, and there is no gold standard 
definition or method for the moment. 

A priori defined patterns are predefined and often based on current 
knowledge [98]. Several dietary patterns have been developed that are linked 
to dietary guidelines, for example, the Healthy Diet Indicator (HDI) [99] based 
on the WHO recommendations [100], the Swedish NNR-score [101] based on 
the Nordic Nutrition Recommendations (NNR) [102] and the Healthy Eating 
Index (HEI) [103], developed from the US Dietary Guidelines for Americans. 
The Mediterranean Diet Score [104] is an additional example of an a priori 
pattern, but it is based on food items typical of the traditional Mediterranean 
dietary pattern and on healthy food group hypotheses. 

A posteriori defined patterns are statistically defined patterns from dietary 
data at hand. These techniques can be useful when the knowledge of the asso-
ciation between diet and outcome is limited and are often used with an explor-
atory approach. 

Different statistical methods are used to define a posteriori dietary patterns, 
such as factor and cluster analysis. Factor analysis (e.g., principal component 
analysis) is a multivariate statistical technique, which uses dietary data to iden-
tify variables (i.e., food items) that correlate with one another [89]. Cluster 
analysis is also a multivariate statistical technique, but instead of identifying 
variables (i.e., food items) connected to each other, this method forms groups 
of subjects by minimizing the within group variation and maximizing the be-
tween group variation [98]. The most often derived dietary patterns (DP) are 
the “Western DP” (characterized by a high intake of red meat, processed meat, 
white bread, potatoes, and high-fat dairy products) and the “Prudent DP” or 
“Healthy DP” (characterized by a high intake of fruits, vegetables, whole 
grains, poultry, and fish) [97]. 

Other statistical methods, for example the Reduced Rank Regression [105], 
have been proposed but are still sparsely used. 
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Measuring body composition 
There are several aspects of body composition and it can be displayed in many 
ways. For example, body composition can be used to describe the percentages 
of fat and fat-free mass (i.e., muscle mass, water, and bone) in bodies. Since 
cadaver analysis is considered as being the gold standard for body composi-
tion analysis, no in vivo technique can be considered to measure body compo-
sition adequately. However, in vivo techniques rather predict body composi-
tion instead, of measuring it directly. Several methods are available, varying 
in complexity and ease of use, and each method makes assumptions that may 
affect its suitability for different situations and settings [106]. Even though 
body mass index (BMI) can capture most of the relevant variation in body fat 
in large epidemiological studies, depending on the age of the study population, 
BMI does not differentiate fat-free mass and muscle mass [107]. In older peo-
ple, prediction equations to estimate body composition from BMI will gener-
ally underestimate the amount of body fat [107] and older persons have, on 
average, more fat mass than younger adults at any given BMI [108]. In other 
words, BMI cannot be used when assessing muscle mass for diagnosing sar-
copenia, using the definition of the European Working Group on Sarcopenia 
in Older People (EWGSOP). 

Methods for measuring body composition 
There are several methods, either using anthropometry (e.g., BMI, skinfold 
thickness) or non-anthropometric methods, for the measurement of body com-
position. Bioelectrical impedance analysis (BIA), dual-energy X-ray absorp-
tiometry (DXA), and magnetic resonance imaging (MRI) all use different 
techniques based on either reference or prediction methods, and these are all 
non-anthropometric methods. Reference methods, such as DXA, measure 
physical properties of the body, whilst prediction methodology, such as BIA, 
uses regression analysis to estimate the outcome [109]. 

BIA (single frequency or multi-frequential) measures total body water by 
relating electrical resistance and reactance to intra- and extra-cellular water. 
Total body water is used when estimating fat-free mass (FFM) and fat mass 
[110]. BIA uses equations based on the assumption of a constant hydration of 
FFM of 73%. This may be a limitation, as altered hydration status makes the 
estimation of body composition inaccurate [111, 112]. There are early studies 
reporting good agreement between BIA and a reference method, but these 
studies usually include no or few older persons [109, 113]. Recent studies have 
reported both over- and underestimation of muscle mass and fat mass when 
using BIA, depending on age, sex, and ethnicity [114-116]. 

DXA is an X-ray imaging technique used to derive the mass of one material 
in the presence of another, through knowledge of their unique X-ray attenua-
tion [117]. Using a low dose of radiation, DXA provides information about 
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the amounts of fat, bone, and lean mass [112]. However, DXA actually defines 
the composition of the body as three materials (bone mineral, lipid, and non-
lipid soft tissue) and does not quantify organ composition (e.g., skin, muscle, 
adipose), rather, it reports a composite of component masses regardless of 
which organ it originated from [118]. An advantage, of using DXA compared 
to BIA is the possibility of subdividing the body into arms, legs, trunk, and 
head [117], since the trunk contains a lean mass of both organs and muscle 
mass, while lean mass in the arms and legs mainly contains muscle mass. As 
sarcopenia often is defined from the appendicular (arms and legs) lean mass, 
subdividing the body is crucial.  

MRI is a non-radiation technique that quantifies adipose tissue and its sub 
depots using images [119]. MRI is often considered the gold standard tech-
nique for imaging, because it provides very good image resolution [119]. 
However, the high cost as well as the fact that participants are required to 
remain motionless during a longer period (e.g., 20–120 min) are limitations 
[112, 120] when compared to DXA. BIA, on the other hand, has an advantage 
of being quick, portable, and simple to use. 

There are other methods, which, however, are not widely used in sarcope-
nia. For example, computed tomography (CT) using a single cross-sectional 
image (approximately at the third lumbar vertebra [L3] area) to determine 
body composition, both muscle mass and muscle quality [121]. Ultrasound 
(bedside ultrasonography) is another method that has gained more interest re-
cently, as it is non-invasive and has a low cost. By using ultrasound imaging 
and then measuring the thickness (mm), length (mm), area (mm2), and penna-
tion angle (angle of insertion of the muscle fiber into the aponeurosis), muscle 
mass can be estimated [122]. However, it does not provide a whole-body com-
position assessment [121]. 

The decision of method to choose will rest on the aim of the study, availa-
bility, time and economic resources. In this doctoral thesis, body composition 
has been measured using DXA. 

Measuring muscle function and physical performance 
Muscle function and physical performance are indicators of health status and 
can have a prognostic value as they can predict future health and estimate the 
risk of other outcomes. It has been suggested that following the guidelines for 
both aerobic and muscle-strengthening activities is the most effective way to 
preserve muscle strength and physical performance in older people [123]. As-
sessing the individual’s capacity to complete a standard performance test gives 
a general measure of health that is not specific to a particular disease or con-
dition. This allows us to assess associations between health and other factors, 
such as comparing physical performance in individuals at the same age but 
with different dietary patterns.  
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Muscle strength is associated with complex tasks such as gait speed, but 
these complex tasks also involve other aspects, such as cerebral and spinal 
processing and psychological characteristics [13]. Therefore, measurements 
of muscle strength are not directly comparable with measurements of physical 
performance. 

The present doctoral thesis includes the chair stand test, handgrip strength, 
and gait speed as measurements of muscle function and physical performance. 

The chair stand test, sometimes referred to as sit-to-stand test, assesses the 
individual’s ability to rise from a chair without using the handles, a set number 
of times (e.g., 5 times) or for a set period of time (e.g., 30 seconds) [124]. The 
chair stand test can be used as a proxy of leg muscle function [13], although 
the performance is dependent on more than strength (e.g., balance and endur-
ance) [125-127]. Inability to perform the chair stand test has been associated 
with increased risk of injurious falls among older primary care patients [128], 
and prediction of subsequent activity of daily living (ADL)-related disability 
[129]. 

Measurement of handgrip strength, using a handheld dynamometer, is  a 
measure of upper-body muscle strength, and it has been used as a proxy for 
overall body strength [130]. Although there are standardized protocols for the 
measure of handgrip strength, they are seldom adopted [131], which may af-
fect the reliability. However, handgrip strength has been associated with qual-
ity of life [132], functional decline, and mortality [133]. Rijk et al. [134] con-
cluded that handgrip strength also has a predictive validity of decline in cog-
nition, mobility, functional status, and mortality in community dwelling older 
populations. The European Society for Clinical and Economic Aspects of Os-
teoporosis and Osteoarthritis’s (ESCEO) working group on frailty and sarco-
penia has recommended that the handgrip strength test be used for assessment 
of muscle weakness in daily practice [123].  

The gait speed is assessed over a specific distance (from 2.4 to 40 m) [124] 
and is reported as meter per second, or as the walking distance in a given time 
period (from 2 to 6 min) [135], usually reported in meters. As measuring of 
gait speed is considered safe, reliable, and quick, it is widely used in daily 
clinical practice [127, 136]. However, it is clear that there is a great variety of 
studies regarding walking distance, use of walking aids, and so on [135], none-
theless, there are numerous studies reporting on the association between gait 
speed and adverse outcomes. For example, a low gait speed is predictive of 
mortality, disability, falls, and hospitalization in older persons living in a com-
munity setting [137]. Associations between gait speed and muscular weak-
ness, sedentary lifestyle, lower life satisfaction, lower quality of life, and 
frailty have been shown in community dwelling older populations [138]. 
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Sarcopenia 
Individuals of the same age, height, and weight can have different body com-
position [112]. With aging, changes in body composition are characterized by 
an increase in fat mass and a decrease in lean mass (including skeletal muscle 
mass) [139]. These age-related changes have been reported among healthy, 
physically active subjects as well as in frail older persons. The FFM is reported 
as being almost static between the ages of 18 to 60 years in women [8, 140]. 
Similar results have been reported for men [8] with the difference that the loss 
of FFM in men, between the ages of 50 to 70 years, has been estimated to be 
1–2% per decade [140]. However, the loss of skeletal muscle mass between 
the ages of 20 and 80 has been estimated to be approximately 20–30% [141]. 
Between the seventh and eighth decade of life, muscle strength is, on average, 
decreased by 20–40%, where the majority of the loss is due to decreased mus-
cle mass [142]. 

In the late 80s, Irwin Rosenberg proposed the term sarcopenia (from the 
Greek sarx meaning flesh, and penia meaning loss) to define the age-related 
loss of skeletal muscle mass [15]. During later years, the focus has shifted 
from muscle mass to an increased emphasis on the importance of muscle func-
tion. However, sarcopenia is often defined by using a combination of muscle 
mass, muscle function, and physical performance. 

Sarcopenic obesity, a combination of low muscle mass and muscle function 
(i.e., sarcopenia) with obesity, has received increased attention, but it still 
lacks an agreement on the definition [143, 144]. This lack of consensus is ex-
pected, as there are several definitions of sarcopenia, and obesity can be de-
fined according to BMI cut-offs or, for example, by waist circumference. It is 
reasonable to believe that having both sarcopenia and obesity would lead to a 
major increased risk of disability, which also is confirmed in studies [145]. 
However, sarcopenic obesity was outside the scope of this doctoral thesis. 

Definition of sarcopenia  
Although over 30 years have passed and numerous of articles been published 
with sarcopenia as an exposure as well as an outcome, there is still no world-
wide consensus regarding its diagnostic criteria. There are studies published 
in 2021 that define sarcopenia as either low muscle mass or low muscle func-
tion (i.e., low handgrip strength or poor performance on the chair stand test), 
even though the combination of both is recommended [13, 14, 146]. 

The European Working Group on Sarcopenia in Older People (EWGSOP) 
proposed diagnostic criteria for sarcopenia in 2010, based on the combination 
of low muscle mass and low muscle function, and/or low physical perfor-
mance [23]. In 2018, EWGSOP presented an updated definition EWGSOP2 
[13], focusing on muscle function rather than the muscle mass. The new diag-
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nostic criteria include low muscle function as the key characteristic of sarco-
penia and low muscle mass as confirmation of the diagnosis. Low physical 
performance (e.g., gait speed) is used to define the severity of sarcopenia.  

There are other proposed diagnostic criteria for sarcopenia, for example, 
the Foundation for the National Institutes of Health (FNIH) [14] recommend-
ing low muscle mass (as appendicular lean mass adjusted for BMI) in combi-
nation with muscle weakness (identified by using handgrip strength), as the 
diagnostic criteria. In the position statements from the Sarcopenia Definition 
and Outcomes Consortium (SDOC) [147], the definition of sarcopenia is taken 
one step further away from the original definition by Rosenberg [15]. SDOC 
concluded that the definition of sarcopenia should be based on weakness (low 
handgrip strength) and slowness (low gait speed), excluding lean mass from 
the definition. The diverse definitions of sarcopenia, including various meas-
urement methods and different cut-offs, make both comparisons between 
studies and between results difficult to interpret. Even when used in the same 
population, different diagnosis criteria have resulted in different prevalence 
rates [148, 149] and outcomes [150]. Irrespective of the definition used, neg-
ative effects of sarcopenia, for example, physical impairment, risk of falls and 
fractures, disability, limited self-sufficiency in activities of daily living, higher 
mortality [18] and reduced quality of life [16, 17] have consistently been 
demonstrated. 

The prevalence or sarcopenia 
The prevalence of sarcopenia increases steeply with age, especially after the 
age of 75, with a prevalence of 1–6% reported among men <74 years, and 17– 
75% among men >80 years, depending on the age stratum and definition [151-
155]. Due to the different sarcopenia definitions, methods used to measure 
muscle mass, the choice of cut-offs, differences in study populations (e.g., age, 
sex, and ethnic groups), and differences in clinical settings (e.g., community 
dwelling or living in nursing homes), there are large variations in the reported 
prevalence of sarcopenia. However, the pooled prevalence of sarcopenia in 
community-dwelling individuals (>60 years) has been reported to be 11% 
(95% CI: 8-13%) in men, and 9% (95% CI: 7-11%) in women, according to a 
systematic review by Papadopoulou et al. [156]. 

Risk factors for sarcopenia 
Sarcopenia can be age-related (primary) or caused by factors such as physical 
inactivity, undernutrition, inflammation, or disease (secondary). For the onset 
and progression of sarcopenia, several mechanisms, e.g., hormonal changes, 
motor neuron loss, and mitochondrial dysfunction, may be involved [23, 157]. 
In aging, both the size of the muscle fibers and the number of muscle fibers 
decrease. In addition, the composition of Type I vs. Type II fibers is changed, 
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with a gradual loss of the stronger and faster Type II fibers. Together with 
changes in the composition of muscle, this leads to a qualitative deterioration 
of the muscle mass that affects muscle function [158].  

Comorbidity is associated with sarcopenia, especially secondary sarcope-
nia, and the prevalence of sarcopenia has been reported to be higher in patients 
presenting with comorbidity [159]. Malnutrition (i.e., undernutrition), ca-
chexia, and frailty may be considered as independent risk factors for sarcope-
nia but can also be included in comorbidity. The definitions of malnutrition, 
cachexia, frailty, and sarcopenia are reminiscent of each other but with distinct 
differences [10]. It is therefore reasonable to assume that two or more of these 
conditions may occur at the same time and in the same person, which also has 
been reported [160]. 

Inadequate physical activity probably plays a role in the development of 
both primary and secondary sarcopenia [161, 162]. Physical inactivity is 
clearly linked to loss of muscle mass and muscle function. Furthermore, a 
higher physical activity and lower sedentary behavior (i.e., lying, sitting, in-
active time), measured with an accelerometer, have been associated with 
greater muscle function [163]. Several intervention studies have shown that 
physical activity has positive effects on muscle mass and muscle function im-
proving one’s overall physical function [21, 22].  

BMI is difficult to interpret in older people, due to changes in body com-
position (i.e., decrease in muscle mass and increase in fat mass) and loss of 
height. However, these changes vary also by sex and race/ethnic background 
[143]. The decrease in muscle mass underestimates fat mass, whereas the loss 
of height results in an overestimation of fat mass. However, a higher BMI, at 
a population level, is associated with greater muscle mass and muscle func-
tion, and may be an explanatory factor for the Obesity paradox (i.e., obesity 
is protective and associated with greater survival in certain populations) [164]. 
It is difficult to define whether BMI should be considered a risk factor for 
sarcopenia or not, as higher BMI has been associated with stronger handgrip 
strength, but also with lower physical performance [159]. 

Smoking may contribute to the development of sarcopenia, as stated by 
Steffl et al. in their meta-analysis [165]. However, the results of the individual 
studies were largely inconsistent. A contributing factor for the inconsistent 
result may be how smoking was categorized (e.g., number of cigarettes 
smoked daily, pack year, or divided into current/former smoker). However, a 
clarification is in place, as most of the included studies defined sarcopenia on 
muscle mass alone. On the other hand, North et al. [166], in their meta-analy-
sis of aging cohorts, confirmed that smoking (i.e., current smoking or ever 
smoking) was associated with poorer handgrip strength and lower perfor-
mance on chair stand test, albeit in cross-sectional studies. 

Alcohol is not a risk factor for sarcopenia, and may instead be protective, 
according to a meta-analysis [167]. However, the definitions of sarcopenia 
were inconsistent in the included studies, and there were difficulties when 
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quantifying the exposure. In addition, heavy consumption (at least 210 
g/week) of alcohol may, through effects of life style factors and hormone lev-
els, negatively affect muscle mass, at least in persons with alcoholic liver dis-
ease [168]. 

Diet and sarcopenia 
When I began my doctoral studies, and before I started working with this doc-
toral thesis, the role of diet in sarcopenia was less clear compared to the role 
of physical activity. Studies examining the role of diet in sarcopenia had, and 
still have, predominantly focused on single food components. A growing body 
of evidence indicate that sufficient intake of protein, Vitamin D, antioxidants 
(e.g., selenium and Vitamin E), and long-chain n-3 polyunsaturated fatty ac-
ids, may improve or maintain muscle function [169] and that low protein in-
take probably plays a role in the development of sarcopenia [161, 162]. How-
ever, a majority of the published studies still do not use the combination of 
muscle function and muscle mass when defining sarcopenia; instead, the indi-
vidual components included in the definition of sarcopenia are used. 

Lately, several studies suggest that an overall healthy diet contributes to 
maintaining physical performance, but there was (and still is) limited evidence 
when it comes to healthy diets in relation to muscle mass and muscle function, 
as reviewed in 2018 [29]. Thus, there is no clear picture of the role of dietary 
patterns in the development of sarcopenia. There are now a few published lon-
gitudinal studies examining the role of dietary pattern in the prevention of sar-
copenia (defined using the combination of muscle function and muscle mass). 
These studies display, to some degree, that a dietary pattern characterized by 
a high intake of fruits, vegetables, and fish, and low intake of added sugar and 
red meat may be involved in the prevention of sarcopenia [170-175]. How-
ever, the systematic review by the 2020 Dietary Guidelines Advisory Com-
mittee and Nutrition Evidence Systematic Review Team [176], which under-
lies the DGA 2020–2025 [96], could not draw any conclusions regarding as-
sociations between dietary patterns and sarcopenia, due to limitations in the 
study designs and inconsistent results. Paper II was one of the four studies 
meeting the inclusion criteria in that systematic review, and Papers III and IV 
further explore the role of dietary patterns in relation to sarcopenia.  
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Background summary 
The intake of energy needs to balance energy expenditure, to maintain a good 
health throughout life. Thus, the ability to predict energy requirements is fun-
damental. A number of equations for predicting energy expenditure have been 
developed over the last century. Even so, the accuracy of equations used to  
estimate energy expenditure in older persons can and has been questioned. 
One way to identify a valid equation in a given population is to validate vari-
ous equations using indirect calorimetry in a subgroup and then choosing the 
most appropriate equation, which was used in paper I. 

Sarcopenia is the age-related loss of muscle function and muscle mass, and 
is a predictor of adverse outcomes including disability, reduced quality of life, 
and mortality. The reported range of prevalence of sarcopenia is wide (1 to 
75%), depending on the populations studied and the definition used. The Eu-
ropean Working Group on Sarcopenia in Older People (EWGSOP), used in 
this doctoral thesis, defines sarcopenia as the combination of low muscle func-
tion and low muscle mass. However, there is no consensus worldwide, which 
makes comparisons between studies challenging. 

It is well-known that nutrition is a modifiable determinant on health 
throughout life, and dietary adjustments may determine health status later in 
life. To date, there are few studies examining the role of dietary pattern and 
sarcopenia. Studies have predominantly focused on nutrients and associations 
with components of sarcopenia, i.e., muscle mass and muscle function. How-
ever, nutrients or single food items do not give the total picture as effects from 
how nutrients or food items arise as they interact in combinations. It is not just 
what you eat, but also what you do not eat, which provides the total picture.  

Although the number of published studies reporting on associations be-
tween diet and sarcopenia, and its components, has increased in recent years, 
it is still, to some extent, unclear whether diet is important and, if so, which 
dietary characteristics.  



 

 



 

  
 

 

 

 

  

  
   

 

  

Aims 

This doctoral thesis aims to investigate if and how the diet, using dietary pat-
terns, affects the risk of developing sarcopenia in aging Swedish populations, 
in order to increase an understanding of the role of diet in sarcopenia and its 
components (i.e., muscle function and muscle mass).  

The specific aims were: 

Paper I 
To identify the most accurate predictive equation for resting energy expendi-
ture in octogenarian men, considering body composition and using indirect 
calorimetry as a reference method.  

Paper II 
To assess the association between adherences to two a priori defined dietary 
patterns, the modified Mediterranean Diet Score and the modified Healthy 
Diet Indicator, and the prevalence of sarcopenia, 16 years later. A further aim 
was to investigate the associations between dietary patterns and the compo-
nents included in the definition of sarcopenia. 

Paper III 
To assess the associations between adherences to a posteriori defined dietary 
pattern and the prevalence of sarcopenia, and its components, 16 years later. 

Paper IV 
To investigate whether adherence to an a priori defined Mediterranean-like 
diet, and a posteriori defined dietary patterns is associated with appendicular 
and total lean mass index (LMI) at baseline, change in appendicular and total 
LMI, incident sarcopenia, and muscle function 12 years later. 
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Methods 

Study population 
The papers in my doctoral thesis are based on information from the Uppsala 
Longitudinal Study of Adult Men (ULSAM) and the Swedish Mammography 
Cohort – Clinical (SMCC).  

ULSAM 
Papers I, II, and III are based on information from the Uppsala Longitudinal 
Study of Adult Men (ULSAM) [177]. 

During 1970 to 1973, all men aged 50 years, born between 1920 to 1924 
and residing in Uppsala County, were invited to participate in ULSAM, 
whereof 2,322 men (82%) agreed to participate. The initial aim was to identify 
risk factors for cardiovascular disease and type 2 diabetes mellitus in men. 
Subsequent re-examinations have been carried out at the mean ages of 50, 60, 
71, 78, 82, 87, and 92 years.  

In the third investigation cycle (ULSAM3; mean age 71 years, n= 1,221), 
the investigation included a 7-day dietary record, and in the fifth investigation 
cycle (ULSAM5; mean age 82 years, n= 530), a FFQ was used when assessing 
the dietary intake. In the sixth investigation cycle (ULSAM6; mean age 87 
years, n= 354), measurements of physical performance, muscle function and 
body composition (using DXA) were included. All investigations included 
measurements of body weight, height, and a questionnaire on lifestyle habits.  

Researchers are welcome to submit research proposals for collaborative 
work in ULSAM. Proposals are reviewed by the screening committee and de-
cisions are made by the Interdisciplinary Collaboration Team on Uppsala lon-
gitudinal Studies (ICTUS) [177]. 

SMCC 
Paper IV is based on information from the Swedish Mammography Cohort -
Clinical (SMCC) [178]. 

The population-based Swedish mammography cohort (SMC) [179] was es-
tablished during 1987 to 1990, and is a longitudinal project on the association 
of lifestyle and genetic factors with morbidity and mortality in middle-aged 
and older women. All women (n= 90,303) residing in two Swedish counties 
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(Uppsala and Västmanland) born between 1914 to 1948 received an invitation 
for a routine mammography screening which also included a questionnaire 
regarding, for example, dietary intake, body weight, height, and education 
level. A total of 66,651 women returned a completed questionnaire (74% re-
sponse rate). 

The cohort Swedish Mammography Cohort – Clinical (SMCC) [178] is a 
randomly selected sub-cohort of the SMC [179, 180]. Baseline recruitment 
was carried out between November 2003 and October 2009. Of the 8,311 
women under the age of 85, residing in Uppsala, Sweden, who were invited, 
65% completed the questionnaire and 61% participated in the health exami-
nation. The health examination included measurements of body composition 
(dual-energy X-ray absorptiometry, DXA), height, and body weight, as well 
as blood sample collection. Using a questionnaire, information on lifestyle, 
including physical activity and dietary intakes, was collected. The follow-up 
recruitment of the 5,022 women included at baseline began in 2015, and is 
currently ongoing, using the same examination routines as at baseline but with 
the addition of functional tests. 

The SMCC is managed by the Swedish Infrastructure for Medical Popula-
tion-based Life-course and Environmental Research (SIMPLER) [181]. Re-
searchers are welcome to submit research proposals for collaborative work. 
Applications are reviewed, continuously, either by the director or the steering 
committee, depending on the complexity of the study design and extent of the 
study. 

Paper I 
A subgroup of men (n=35) in ULSAM5 were invited to take part in measure-
ments of energy expenditure, using indirect calorimetry (DeltaTrac II Datex 
Instrumentarium Corp. Division, Helsinki, Finland). Of the 35 men, three did 
not accept the invitation. After excluding 10 men, due to invalid results, i.e., 
not reaching steady state (n=8) or not having a respiratory quotient (RQ) 
within 0.68 to 0.90 (n=2), the remaining 22 men were included in the final 
analyses. 

Paper II 
Baseline for Paper II was ULSAM3 (mean age 71 years). Data on physical 
activity from ULSAM5 (mean age 82 years) were used to examine stability 
over time. Prevalence of sarcopenia, according to the EWGSOP1 [23], at UL-
SAM6 (mean age 87 years) was used as the outcome in the analysis.  

The inclusion criterion was availability of data on body composition from 
the sixth investigation cycle (n= 290). Exclusion criteria were either absence 
of data on dietary habits at baseline (n= 31), extreme values of reported energy 
intake (< 800 or > 4000 kcal/day, n= 2), missing data on both physical function 
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and muscle function at the sixth investigation (n= 2), or weight loss exceeding 
10% between 60 and 71 years of age (n=1). These criteria rendered 254 men 
eligible for inclusion in the analyses. In a subgroup analysis, information from 
217 men in ULSAM5 was used. 

Paper III 
Baseline for Paper III was ULSAM3 (mean age 71 years). In order to define 
the DPs, availability of dietary data at baseline (n=1138), and a reported en-
ergy intake between 800 and 4000 kcal/day (n=1133) were required. 

Follow-up was ULSAM6 (mean age 87 years). Of the 354 men, 39 had 
missing data on dietary intake in ULSAM3 and were excluded. The examina-
tion at ULSAM6 included physical function tests, and 290 participants com-
pleted the body composition measurement using whole-body DXA. In total, 
315 men were included in the analyses of DPs and the components in the def-
inition of sarcopenia. For 257 men, data were available to define sarcopenia 
according to the EWGSOP2 [13] definition, and none of these participants had 
missing values in covariates. Of these 257 men, 255 men had data available 
to define sarcopenia according to EWGSOP1 [23]. 

Paper IV 
The baseline information for Paper IV was based on the first SMCC examina-
tion from 2003 to 2009. A priori and  A posteriori DPs were defined in the 
4,851 women with complete dietary data at baseline. The final baseline study 
population (n=4807, mean age 67 years) was defined after excluding 171 
women due to incomplete reporting on dietary intake and 44 due to lack of  
information from DXA. 

The follow-up study population included 1,255 women who underwent 
body composition measurements between February 2015 and November 
2020, i.e., approximately 12 years after the baseline examination. Of these 
1,255 women, 3 women were excluded due to missing information on body 
composition at follow-up, and 19 due to lack of either information on body 
composition at baseline or not included when defining dietary patterns, result-
ing in a follow-up population of 1,233 women. Of these, 1,212 women (mean 
age 77 years) had information enabling definition of sarcopenia (EWGSOP2) 
[13] (n=1074 women after restriction to those with appendicular ≤ 5.5 kg/m2 

at baseline). 
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Assessment of exposure 
Assessments of energy expenditure  
In Paper I, resting energy expenditure (REE) was measured using indirect cal-
orimetry. VO2 and VCO2 were converted to REE (kcal/d) using the Weir equa-
tion [182]. Fat-free mass was derived from DXA analyses (DPX Prodigy, Lu-
nar Corp., Madison, WI, U.S.A.), performed 1–4 months before the indirect 
calorimetry measurement. REE was calculated using the equation based on 
either FFM (i.e., Mifflin-St Jeor [183], and Cunningham [184]), body weight 
(i.e., WHO 1985 [70]) or a combination of body weight, height and age (Har-
ris-Benedict [69], Luhrmann et al. [35], or Henry [64]). 

Assessments of dietary intake 
A 7-day pre-coded optical readable food record (POFR) [185, 186] was used 
in Papers II and III. The POFR is included as supplementary material in Paper 
III. 

Dietary intake in Paper IV was assessed using three different FFQ, includ-
ing approximately 100 food items, with the same common food categories 
[180, 187]. The participants reported how often each food item was consumed 
during the past 12 months; using eight pre-defined frequency categories (from 
“never/seldom” to “≥ 3 times per day”). Age-specific portion sizes were used 
when converting the consumption frequency into energy and nutrient intake. 
Data from the Swedish Food Agency´s food composition database were used 
to calculate the energy and nutrient intakes. 

Evaluation of dietary data 
To deal with over- and underreporting of dietary intake in Papers II, III and 
IV, individuals with unreasonable energy intake were excluded [188, 189]. In 
Papers II and III thresholds of <800 or >4000 kcal/day [189] were applied to 
exclude outliers. In Paper IV, unreasonable energy intake was defined as hav-
ing a reported energy intake of 3 SDs from the mean value of the ln-trans-
formed energy intake. In Papers III and IV, analyses were adjusted for total 
energy intake. In Paper II, the total protein intake was used instead of the en-
ergy intake. Sensitivity analysis, including accurate energy reporters accord-
ing to Goldberg cut-offs [84] were performed in Papers II and III. A 7-day 
POFR was used in Papers II and III, and all participants had a reported dietary 
intake during seven days. In Paper IV, dietary intake was assessed using a 
FFQ, and participants with missing information on ≥10 food groups were ex-
cluded [187]. Measurement errors of dietary intake are discussed in detail in 
the section on “Misreporting of dietary intake.” 
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Deriving dietary patterns 
A priori 
In Paper II, adherence to two a priori (predefined) dietary patterns was calcu-
lated for each participant, i.e., Healthy Diet Indicator (HDI) [99] and Mediter-
ranean Diet Score (MDS) [104]. HDI consist of both food items and nutrients, 
based on the WHO dietary recommendations for the prevention of chronic 
diseases [100]. As individual differences in total energy intake produce varia-
tion in intake of specific nutrients, dietary variables were adjusted for energy 
intake, either by the residual method [98] (variables in g/day) or as nutrient 
densities (energy percent or per MJ). MDS is based on food items typical of 
the traditional Mediterranean diet, characterized by a high intake of fruits, 
vegetables, favorable unsaturated fatty acids, and a low intake of red meat and 
refined carbohydrates. Both dietary patterns were modified to reflect charac-
teristics of a Swedish diet [80], and denoted mHDI and mMDS. The median 
of each included food group or nutrient in the population served as a cut-off. 
Participants were assigned a value of 0 p for unfavorable food group/nutrient 
or 1 p for favorable food group/nutrient intake, except for sucrose, which was 
coded as 0 or -1, point (only included in mHDI). In total, mHDI could take a 
value between -1 and 8 points, and the mMDS could take a total value between 
0 and 8 points. Higher scores indicate greater adherence to the dietary pattern, 
and participants were categorized into groups (low, medium, or high adher-
ence) for each dietary pattern [80]. 

In Paper IV, adherence to a modified Mediterranean diet (mMED) [104] 
was defined, with a scoring ranging from 0 to 8 on a continuous scale, using 
the same method for scoring as in Paper II, with the difference that fermented 
dairy products were considered beneficial in Paper IV but not in Paper II. 

A posteriori 
In Papers III and IV, a posteriori DPs were defined using principal component 
analysis (PCA). PCA is used in exploratory data analysis to reduce larger 
amounts of observed variables to a smaller number of principal components 
while preserving as much of the data's variation as possible and identifying 
structures in the observed data. 

In Paper III, mean intake of the seven recoding days of reported food items 
was categorized into 26 food groups. The categorization was mainly based on 
how the food item is used in cooking or eaten in the population studied. In 
order to preserve a wider variation in dietary intake, the dietary intake was not 
adjusted for the total energy intake when DPs were defined [190]. The top 
four principal components were selected based on a combined assessment of 
a break point (elbow) in the scree plot, eigenvalues (>1.5), and domestic-cul-
tural knowledge. The four chosen DPs (DP1, DP2, DP3, and DP4) accounted 
for 28% of the total variance. Each participant was given a factor score, based 
on the retained factors, to reflect the agreement with each DP. Hence, a high 
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factor score indicates a high intake from food groups that loaded positively 
and low intake of food groups loading negatively on the given DP. 

In Paper IV, the DPs were defined in the 4,851 women with complete die-
tary data at baseline, using consumption frequency per day. Food items from 
the FFQs were merged into 33 food groups, based on culinary use and simi-
larities in nutrient characteristics. These food groups have been used in a pre-
vious study [187], together with another cohort using a different FFQ. This 
has been considered when merging the food items in to these 33 food groups. 
The three chosen DPs in Paper IV accounted for 21% of the total variance of 
the dietary intake, and were labeled Healthy, Western, and Light meal.  

Assessment of outcome  
Muscle mass 
In all participants (Paper I–IV), measurements of body composition were per-
formed by the same experienced and accredited DXA x-ray nurse using the 
same DXA equipment (DXA, DPX Prodigy, Lunar Corp). Total body fat and 
lean mass measurements were taken from the total body DXA scan. Precision 
errors of DXA measurements in the present laboratory have been calculated 
to be 1.5% for total fat mass and 1.0% for total lean mass [191]. Appendicular 
lean mass index (LMI) was calculated as the ratio of appendicular muscle 
mass (lean mass of legs and arms) to the squared height (kg/m2) [192], and did 
not include bone mass. 

Muscle function and physical performance 
In Papers II and III, handgrip strength was measured using an adjustable hy-
draulic hand dynamometer (Fabrication Enterprises, White Plains NY, 
U.S.A.). Participants were sitting on a chair with the arm supported, shoulder 
relaxed, elbow at an angle of 90°, the wrist in a neutral position, and feet on 
the floor. Measurement started with the dominant hand, and the highest of 
three results for each hand was recorded, whereof the highest value, regardless 
of whether it was the dominant hand or not, was used in these studies. 

In Paper IV, handgrip strength was measured using a hand-held, adjustable, 
dynamometer (Smedlay, Scandidact ApS, Odder, Denmark). The participant 
was asked to stand straight with their arm at a perpendicular angle and the 
device held in front of the body, stabilizing the arm by keeping the upper arm 
close to the body, and then gradually increase effort until maximal effort is 
attained. The test was performed twice for each hand, starting with the non-
dominant hand, and the highest value, regardless of whether it was the domi-
nant hand or not, was used in this study. 
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In Papers II, III, and IV, the chair stand test included five chair rises, as fast 
as possible in a safe manner, with arms crossed over the chest. The duration 
was measured, to the nearest 0.5 second, from the first rise until seated again 
after the fifth rise. 

In Papers II and III, a self-chosen comfortable walking speed was measured 
using the intermediate six meters of a distance of 10 m with no obstacles. Par-
ticipants were allowed to use walking aid if they preferred. 

Sarcopenia 
In Paper II, the first definition by the European Working Group on Sarcopenia 
in Older People (EWGSOP1) was applied [23]. Participants were categorized 
as having sarcopenia, i.e., having low muscle mass together with either low 
muscle function and/or low physical performance, or otherwise as not having 
sarcopenia. Low muscle mass was defined as a skeletal muscle mass index of 
<7.26 kg/m² [192]. Muscle function was defined as low if the handgrip 
strength was <30 kg [193], using the strongest hand. Physical performance 
was defined as low if the gait speed was <0.8 m/s [193]. 

In Papers III and IV, the updated definition by the European Working 
Group on Sarcopenia in Older People (EWGSOP2) [13] was applied in the 
main analysis and EWGSOP1 [23] was used in the sensitivity analysis (Paper 
III). Participants were categorized as having sarcopenia, i.e., having low mus-
cle function and low muscle mass, or otherwise as not having sarcopenia. In 
Paper III, low muscle mass was defined as an appendicular lean muscle mass 
index of <7.0 kg/m² [194]. Muscle function was defined as low if the handgrip 
strength was <27 kg [195], using the strongest hand, and/or five-times chair 
stand test >15 seconds [196], and physical performance was defined as low if 
the gait speed was <0.8 m/s [193]. In Paper IV, the corresponding cut-offs 
were: ≤5.5 kg/m2 [194] for low muscle mass, <16 kg for handgrip strength 
[195], and/or >15 seconds for the five-times chair stand tests [196] as low 
muscle function, Table 1. 
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Table 1. Cut-offs for the components included in the definition of sarcopenia 

Definition Paper ALMI 
(kg/m2) 

HGS 
(kg) 

CS 
(s) 

GS 
(m/s) 

EWGSOP1 II & III <7.26 <30 - 0.8 
EWGSOP2 III <7.00 <27 >15 -
EWGSOP2 IV ≤5.50 <16 >15 -

EWGSOP1, the old definition of sarcopenia by the European Working Group on 
Sarcopenia in Older People; EWGSOP2, the new, updated, definition of sarcopenia 
by the European Working Group on Sarcopenia in Older People; ALMI, appendicu-
lar lean mass index; HGS, handgrip strength; CS, chair stand test; GS, gait speed; s, 
second 

Assessments of covariates 
All examinations, including anthropometric measurements and questionnaires 
regarding medical history, smoking habits, education, and level of physical 
activity, were made under standardized conditions. Physical activity, lifestyle, 
and socioeconomic covariates were collected through self-administered ques-
tionnaires. 

The follow-up period was defined as the period from the date of examina-
tion at baseline to the date of DXA measurement at follow-up. 

Body height and body weight were measured, and BMI was calculated as 
the ratio of the weight to the squared height (kg/m2). 

Smoking status was categorized as former, current, or never smoker. 
In ULSAM3 (mean age 71 years) and ULSAM5 (mean age 82 years), a 

validated questionnaire [197] was used to define leisure-time physical activity 
according to four categories: sedentary, moderate, regular, or athletic [198]. 
In Paper II, physical activity was dichotomized into regular physical activity 
(athletic and regular) or not (moderate and sedentary). In Paper III, physical 
activity was categorized into three subgroups: low (sedentary and moderate), 
medium (regular), or high (athletic). In SMCC, physical activity was ascer-
tained using two multiple-choice questions, Walking or bicycling (hardly ever, 
<20 min/d, 20–40 min/d, 40–60 min/d, 60–90 min/d, and >90 min/d) and Ex-
ercise (<1 h/wk, 1 h/wk, 2–3 h/wk, 4–5 h/wk, and >5 h/wk) during the last 
year. 

In ULSAM3, educational level was categorized as 6–7 years, 8–13 years, 
or >13 years of education. In SMCC, educational level was categorized as < 
10 years, 10–12 years, or >12 years of education. 

Charlson’s unweighted Comorbidity Index [199-201] was calculated based 
on the in-patient diagnoses from the Swedish National Patient Registry. In 
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Paper II, the comorbidity score was categorized into three subgroups accord-
ing to the score (0, 1, and ≥2). In Paper III, the comorbidity score was dichot-
omized according to the score (0 and ≥1). 

In Paper II, high sensitivity C-reactive protein (CRP) was categorized as 
normal (<3 mg/L), slightly elevated (3 to 10 mg/L), or elevated (>10 mg/L). 
Protein intake was categorized into three subgroups: low (<0.8 g/kg BW), me-
dium (0.8 to 1.0 g/kg BW), and high (>1.0 g/kg BW), based on the nutritional 
intake in ULSAM3. Detailed questions on civil status at baseline were used to 
categorize participants as living alone or not (i.e., living with spouse, cohab-
itant, own children, grandchildren, or other relatives). Information from the 
Swedish National Patient Register was used to define the hospital stay, from 
age 70 to the date of DXA measurement. Hospital stay was defined as the 
number of care periods, lasting at least three days, dichotomized as yes (at 
least 1 care period) or no (no care period). 

In Paper IV, use of supplements and hormone therapy were dichotomized 
in to “no” or “yes.” Diabetes Mellitus was also dichotomized in to “no” or 
“yes,” based on the in-patient diagnoses from the Swedish National Patient 
Registry, self-reported diabetes mellitus at baseline, and/or on having a fasting 
plasma glucose ≥ 7.0 mmol/l at baseline [202]. 
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Statistical analysis 
All statistical analyses in Papers I, II, and III were performed in Stata 13 IC or 
Stata 15 IC (Stata, Corp., Collage Station, TX, U.S.A.). All statistical analyses 
in Paper IV were performed in Stata 15 MP (Stata Corp., Collage Station, TX, 
U.S.A.), using resources provided by SNIC-SENS through the Uppsala Mul-
tidisciplinary Center for Advanced Computational Science (UPPMAX).  

Causal diagrams – Directed acyclic graphs 
Directed acyclic graphs (DAGs) is a graphic tool that illustrates a set of hy-
potheses about casual relationships, based on biological background and un-
derstanding of associations [203]. They can be a helpful tool when identifying 
confounding factors.  

In a DAG, causal relationships are represented using arrows between the 
variables, pointing from cause to effect, creating a so-called path. All paths 
must be acyclic (i.e., not contain any feedback loops). Not drawing an arrow 
between two variables is considered a stronger statement than drawing one, as 
each arrow indicates an assumed causal effect in at least one individual [204]. 
A simplified version of a DAG is displayed in Figure 1. The arrow from Die-
tary pattern to Sarcopenia represents an open path and reflects our hypothesis 
that Dietary pattern causes a change in risk of Sarcopenia. An example of an 
open, but a non-causal, path is displayed by the arrows between Energy intake 
– Dietary pattern and Energy intake  – Sarcopenia  (i.e., Dietary pattern 
Energy intake  Sarcopenia). This is a graphical illustration of confounding. 
In other words,  Energy intake is a confounder and may affect the observed 
association between Dietary pattern and Sarcopenia. However, if we adjust 
our analysis for Energy intake, we can deal with this issue. 

Figure 1. A simplified version of a DAG, with Dietary pattern as an exposure and 
Sarcopenia as an outcome, with Energy intake displayed as a confounder. 

This approach allows for inclusion of both observed and unobserved variables, 
as illustrated below in Figure 2. Our hypothesis is, still, that Dietary pattern 

50 



 

 
     

    
    

 
 

 
 

 
   

   
   

    
  

  
    

   
  

 

causes a change in risk of Sarcopenia. We now have three different open, non-
causal paths (i.e., Dietary pattern  Age   Sarcopenia, Dietary pattern 
age  energy expenditure  energy intake  sarcopenia, and Dietary pattern 
 energy intake  sarcopenia). Energy expenditure is marked as an unob-
served variable in the DAG. However, by assuming that Age affects Energy 
expenditure (a reasonable assumption), and that Age will, in turn, influence 
both Dietary pattern and Sarcopenia, it is possible to deal with Energy ex-
penditure, even if it is unobserved. If we adjust our analysis for Energy intake 
and Age, we close the biasing path and indirectly deal with the confounding 
§effect of Energy expenditure. 

Figure 2. A simplified version of a DAG, with Dietary pattern as an exposure and 
Sarcopenia as an outcome, with Energy intake and Age displayed as confounders, 
and Energy expenditure displayed as an unobserved variable. 

Categorical and restricted cubic splines 
To include a continuous variable as an exposure in a regression model may be 
a challenge, and the easiest way is to assume that the continuous variable has 
a linear relationship with the outcome. If this assumption is wrong, which it 
often is [205], the model may fail to display an existing non-linear association. 
A common approach used to investigate and model non-linearity is to divide 
the continuous variable into categories; however, this forces the effect of the 
exposure to be equal (flat) within each category [205]. In other words, intro-
ducing abrupt changes between the categories. However, an advantage is that 
categorical analysis facilitates intuitive interpretation of results and compari-
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son between studies. Another method, making smooth curves, instead, is re-
stricted cubic splines, which is a method of testing the hypothesis that the re-
lationship is not linear or summarizing a relationship that is too non-linear. 

Simply described, the exposure distribution is subdivided using a set of 
knots. Having enough observations between the knots determines the number 
and position of the knots. As cubic splines tend to be poorly behaved at the 
two tails (before the first knot and after the last knot), the restricted cubic 
spline is constrained to be linear in the tails [205]. In this doctoral thesis re-
stricted cubic splines, with three knots, placed at the 10th, 50th and 90th percen-
tiles of the DP distribution [205], have been used to illustrate potential non-
linear associations. In Paper II, the lowest adherences to each DP were used 
as a reference point, and in Paper III, the median adherence was used as a 
reference point. 

Paper I 
Accuracy of REE equations was evaluated by root mean squared error 
(RMSE) where the equation with the lowest RMSE was considered most ac-
curate. In addition, the Bland-Altman Limits of Agreement (Bland-Altman 
plots) [206] was used to determine the agreement between cREE and mREE, 
by quantifying the variation in between-method differences for individual sub-
jects, and graphically presenting data using plots. In other words, a measure 
of the bias between the two methods. 

Paper II 
The association between each dietary pattern score and the prevalence of sar-
copenia was analyzed using logistic regression models, estimating odds ratios 
(ORs) and their 95% confidence intervals (CIs). We applied three models. 
Model 1 was unadjusted for potential confounders. Model 2 was adjusted for 
BMI at baseline, education, civil status, regular physical activity at baseline, 
hospital stay during follow-up period, and age at follow-up. Model 3 was fur-
ther adjusted for inflammation (CRP) at baseline, smoking, morbidity at fol-
low-up, and protein intake at baseline. Analyses were repeated using dietary 
pattern scores as continuous variables, applied as an SD increment in each diet 
score. 

Restricted cubic splines were used to investigate potential non-linear rela-
tionships between a continuous increment in the dietary patterns and the prev-
alence of sarcopenia. Further, the individual relations between dietary patterns 
and the three components included in the definition of sarcopenia (i.e., muscle 
mass, handgrip strength, and gait speed) were analyzed using regression anal-
ysis, adjusted for the potential confounders included in model 3 (see above). 
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Paper III 
The association between each DP and the prevalence of sarcopenia was ana-
lyzed using logistic regression models, estimating odds ratios (ORs) and their 
95% confidence intervals (CIs). Further, we assessed the associations between 
DPs and the four components in the definition of sarcopenia (i.e., handgrip 
strength, chair stand test, appendicular LMI, and gait speed) using linear re-
gression analyses, estimating the beta coefficients and their 95% CIs. For each 
of these analyses, linear and non-linear associations were explored. In the lin-
ear model, each DP was entered as a standardized continuous variable with 
mean 0 and 1 SD increments. Non-linear associations were first explored with 
each DP as a categorical variable, according to low, medium, or high adher-
ence, based on their factor scores and tertile limits determined in the total 
baseline population of 1,133 men. A joint Wald test was performed to evaluate 
whether factor indicators were equal to 0. 

Restricted cubic splines were used to investigate potential non-linear rela-
tionships between a continuous increment in the dietary patterns and the prev-
alence of sarcopenia. We applied three models. Model 1 was unadjusted for 
potential confounders. Model 2 was adjusted for age at baseline, follow-up 
period, reported energy intake at baseline, education, physical activity level at 
baseline, smoking, and morbidity at baseline. Model 3 was further adjusted 
for BMI at baseline. Model 3 is in agreement with the minimal sufficient ad-
justment set, suggested by DAGitty and was used as the main model, includ-
ing all selected confounders. 

Paper IV 
Due to missing data on covariates (mainly exercise and walking), missing data 
on covariates were imputed using multiple imputations (20 imputations) with 
chained equations (using Stata's “mi” package). Associations between adher-
ences to DPs and appendicular LMI at baseline, change in appendicular LMI, 
chair stand test, and handgrip strength at follow-up were analyzed using linear 
regression analyses, estimating the beta coefficients and their 95% confidence 
intervals (CIs). Associations between adherences to DPs and sarcopenia were 
analyzed using logistic regression, estimating the odds ratio and their 95% 
CIs. 

We applied two models, including covariates at baseline. Model 1 included 
reported energy intake and age. Model 2 additionally included BMI, educa-
tion, smoking status, physical activity, hormone therapy, diabetes mellitus, 
use of supplements, and comorbidity. In analyses using sarcopenia as the out-
come, models were further adjusted for follow-up period. Furthermore, in 
analyses using change in appendicular LMI or change in total LMI as the out-
comes, models were further adjusted for follow-up period and appendicular 

53 



  

  

 

 

LMI at baseline. Model 2 is in agreement with the minimal sufficient adjust-
ment set suggested by DAGitty, and was used as the main model, including 
all selected confounders. Analyses, have been performed with exposure as ei-
ther a linear or a categorical variable.  

Sensitivity analyses were performed both as complete case analysis and in 
subgroups, where individuals were excluded due to low appendicular lean 
mass index (LMI) at baseline (≤ 5.5 kg/m2). 
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Ethical approval 

All included studies were conducted in accordance with the declaration of 
Helsinki [207], and participants gave their written informed consent to partic-
ipate. The participation was voluntary, and participants were free to withdraw 
from the study at any time. 

Papers I, II, and III were approved by the Regional Ethical Review Board 
at Uppsala University, dnr: 251/90, 02- 605 & 2007/338. 

Paper IV was approved by the Regional Ethical Review Boards at Uppsala 
University, Sweden; dnr: 2017/232 & 2018/261, and at Karolinska Institutet 
(Stockholm), Sweden; dnr: 2006/1490-31/1, 2014/892-31/3 & 2016/1954-32. 
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Results 

Paper I 
Mean mREE for the indirect calorimetry group was 1,410 kcal per day (SD 
±206 kcal) and differed significantly (p<0.05) from all equations, except the 
Mifflin-St Jeor equation (p= 0.20). On a group level, all equations overesti-
mated REE compared to mREE.  

The equations of Mifflin-St Jeor [183], WHO [70], and Harris-Benedict 
[69] were the most accurate considering the proportion of subjects within 10% 
of mREE with an accuracy of 64%, 50%, and 45% of the participants, respec-
tively. The equation by Mifflin-St Jeor had the lowest RMSE (138 kcal) of all 
equations applied. When comparing the two conventional equations from the 
WHO and Harris-Benedict, the WHO equation had similar or somewhat better 
accuracy considering the number of subjects within 10% of mREE but per-
formed poorer on RMSE (220 vs. 189 kcal) and mean differences (142 vs. 105 
kcal). The remaining equations (Henry, Luhrmann, and Cunningham) all pre-
dicted REE rather poorly in our study subjects with few individuals within 
10% of mREE and significant overestimations of REE, compared with mREE. 

Bland-Altman plots for the most accurate conventional equation (i.e., Har-
ris-Benedict) and the most accurate FFM-based equation (i.e., Mifflin-St Jeor) 
revealed that both equations tended to overestimate lower, and underestimate 
higher, REEs. Mean difference for Mifflin-St Jeor equation was 37 kcal (limits 
of agreement -228 to 303 kcal), and the corresponding difference for the Har-
ris-Benedict equation was 105 kcal (limits of agreement -205 to 416 kcal), see 
Figure 3. 
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Figure 3. Bland Altman plot for the most accurate conventional equation (Harris-
Benedict) and the most accurate FFM-based equation (Mifflin-St Jeor). Difference 
between cREE and mREE plotted against mREE. 
cREE, calculated resting energy expenditure; mREE, measured resting energy ex-
penditure; SD, standard deviation 
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Paper II 
Among the 254 participants included in this study, 53 men (21%) were defined 
as having sarcopenia, according to the EWGSOP1, at mean age 87 years. De-
fining dietary patterns (DPs) among the 254 men revealed 16% (n= 40) to 
have low adherence to mHDI, whilst 30% (n= 75) had high adherence to this 
DP. A low adherence to mMDS was found in 20% (n= 52), whilst 13% (n= 
34) had a high adherence to this DP. 

When DPs were applied as continuous variables (estimates expressed per 
1 SD increment), non-linear associations were observed between the DPs and 
having sarcopenia 16 years later, as illustrated by the restricted cubic splines 
in Figure 4. The adjusted OR (model 3) of having sarcopenia for mHDI was 
0.90 (95% CI: 0.63; 1.27), and the corresponding OR for mMDS was 0.49 
(95% CI: 0.31; 0.80). 

Compared to low adherence to mHDI, medium and high adherence was 
associated with a lower OR of having sarcopenia, adjusted OR: 0.38 (95% CI: 
0.15; 0.97) and 0.47 (95% CI: 0.17; 1.28), respectively, Figure 5. There was 
an inverse association between adherence to mMDS and sarcopenia although 
estimates in comparison with low adherence had wide confidence intervals; 
adjusted ORs for medium and high adherence: 0.50 (95% CI: 0.22; 1.16) and 
0.33 (95% CI: 0.09; 1.23), respectively. 

In a subgroup analysis (n=217), we excluded participants (n=70) with un-
stable physical activity, defined by comparing the activity pattern at baseline 
and at mean age 82. The associations remained essentially un-changed after 
this exclusion, with the exception for wider CIs. The associations displayed in 
our main analysis also remained in the sub-group of men who were identified 
as adequate energy reporters (n=216), according to the Goldberg cut-off. 
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Figure 4. Restricted cubic spline curves (3 knots, with the lowest adherence as a ref-
erence point) of the associations between continuous increment in, respectively, die-
tary pattern, at mean age 71, and the prevalence of sarcopenia, at mean age 87. Ad-
justed for BMI at baseline (continuous), education (categorical), living alone (cate-
gorical), regular physical activity at baseline (categorical), hospital stay (categori-
cal), and age at follow-up (continuous), i.e., Model 2. The solid line represents the 
odds ratio, and the dotted lines represents its 95% confidence interval. The spikes 
represent the distribution of adherence to the dietary pattern. The knots were placed 
at 1, 3.5, and 6 points in mHDI and at 2, 4, and 6 points in mMDS, which corre-
sponds to the 10th, 50th, and 90th percentiles. 
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Figure 5. Logistic regression analysis between adherence to each dietary pattern at 
baseline (mean age 71), and prevalence of sarcopenia defined according to 
EWGSOP1, at follow-up (mean age 87). Participants were categorized as low, me-
dium, or high adherent to mHDI and mMDS, based on scores at baseline in the pop-
ulation of 254 men. mHDI: low (-1 to 1 p), medium (2 to 4 p), or high (5 to8 p). 
mMDS: low (≤2 p), medium (3 to 5 p), or high (≥6 p). 
Adjusted for BMI at baseline (continuous), education (categorical), living alone (cat-
egorical), regular physical activity at baseline (categorical), hospital stay (categori-
cal), age at follow-up (continuous), inflammation (CRP) at baseline (categorical), 
smoking (categorical), morbidity at follow-up (categorical), and protein intake at 
baseline (categorical), i.e., Model 3. 
mHDI, modified Healthy Diet Indicator; mMDS, modified Mediterranean Diet 
Score; BMI, body mass index 

Paper III 
Four DPs were defined in the Uppsala Longitudinal Study of Adult Men at 
baseline (n=1133, average age 71 years). The four chosen DPs (DP1, DP2, 
DP3, and DP4) accounted for 28% of the total variance. 

DP1 was mainly characterized by high consumption of milk and cereals, 
and DP2 was mainly characterized by high intake of vegetables, green salad, 
fruits, poultry, rice, and pasta. DP3 was mainly characterized by high con-
sumption of bread, cheese, marmalade, jam and sugar, and DP4 was mainly 
characterized by high consumption of potatoes, meat and eggs, and low con-
sumption of fermented milk. 

Among the 257 men included in the main analyses, at follow-up, 50 (19%) 
had confirmed sarcopenia (EWGSOP2). When using the definition 
EWGSOP1 (total n=255) 54 (21%) had confirmed sarcopenia. Thirty-three 
participants were defined as having sarcopenia by both definitions. 
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No clear patterns were observed for DP1, DP3, or DP4 in relation to sarco-
penia (EWGSOP2), Figure 6. When the DPs were used as continuous varia-
bles (estimates expressed per 1 SD increment), DP1, DP3, and DP4 had an 
adjusted OR above 1.0 (1.04, 1.19, and 1.08, respectively), with wide CIs. The 
adjusted OR for DP2 and sarcopenia (EWGSOP2) was 0.70 (95% CI: 0.48; 
1.03). 

Compared to low adherence to DP2, both medium and high adherence was 
associated with lower OR of having sarcopenia (EWGSOP2), adjusted ORs: 
0.41 (95% CI: 0.17; 0.98) and 0.40 (95% CI: 0.17; 0.94), respectively. A high 
vs. low adherence to DP4 was associated with higher OR of sarcopenia, alt-
hough CIs were wide (adjusted OR: 1.61, 95% CI: 0.67; 3.87). 

Figure 6. Logistic regression analysis between adherence to each dietary pattern at 
baseline (mean age 71) and prevalence of sarcopenia defined according to 
EWGSOP2 at follow-up (mean age 87). Participants were categorized as low, me-
dium, or high adherent to each DP based on factor scores and according to tertile 
limits determined based on adherence to dietary patterns at baseline in the total pop-
ulation of 1,133 men. 
Adjusted for age (continuous), reported energy intake (continuous), education (cate-
gorical), physical activity (categorical), smoking (categorical), comorbidity (categor-
ical), BMI (continuous), all at baseline, and follow-up period, i.e., Model 3. 
DP, dietary pattern; BMI, body mass index 

Sensitivity analyses (i.e., excluding individuals with body weight loss past 
year before baseline, having a BMI <22 kg/m2 at baseline or using Goldberg 
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cut-offs) did not significantly affect the associations between DP and sarco-
penia (EWGSOP2); however, estimates displayed less precision. 

The analyses of DPs in relation to the individual variables used in the def-
inition of sarcopenia and to sarcopenia (EWGSOP1) displayed no clear asso-
ciations. 

Paper IV 
Four DPs were used: one a priori defined (mMED) and three a posteriori de-
fined (the Healthy DP, Western DP, and Light meal DP). 

The Healthy DP represents a dietary pattern characterized by high con-
sumption of vegetables/legumes, fruits/berries, nuts, grains, whole grain 
bread, poultry, fatty fish, fermented milk, and sauce, and a low consumption 
of white bread and sodas. The Western DP was characterized by high con-
sumption of fried potatoes, rice/pasta, white bread, meat/meat products, offal, 
fatty fish, lean fish, eggs, high-fat dairy products, sauce, pancake, ice-cream, 
pizza/ketchup, sweet bakery, candy, and savory snack. The Light meal DP 
was characterized by high consumption of boiled potatoes, milk, fermented 
milk, grains, crisp bread, pancake, sugar/honey/jam/marmalade and sweet 
bakery, and low consumption of wine/spirits, poultry, sauce, and savory 
snack. 

Of the 1,212 women, at follow-up, 105 (8.7%) had confirmed sarcopenia 
(EWGSOP2). After excluding 138 women with low appendicular LMI  at 
baseline (≤5.5 kg/m2), the incident sarcopenia was 4.4% (47 out of 1,074 
women). No clear associations were observed between DPs at baseline and 
incident sarcopenia. 

The mMED displayed no clear associations with any of the outcomes. 
The Healthy DP (comparing the quartile with highest adherence with the 

quartile with lowest adherence) was associated with a higher appendicular 
LMI at baseline (0.10 kg/m2 [0.05; 0.15], faster chair stand test performance 
(1.02 seconds faster [-2.03; -0.01]), and stronger handgrip at follow-up (0.97 
kg stronger [0.13;1.81]), Figure 7. 

The Western DP (highest vs. lowest quartile) was associated with a lower 
appendicular LMI at baseline by 0.06 kg/m2 (-0.11; -0.02). 

The Light meal DP (highest vs. lowest quartile) was associated with a 
higher appendicular LMI at baseline (0.05 kg/m2 [0.00; 0.10], and a slower 
chair stand test (0.37 seconds slower [0.03; 0.71]). 

Adherence to the Healthy DP and the Light meal DP displayed non-linear 
associations with the change in appendicular LMI between baseline and fol-
low-up, considering the baseline level of appendicular LMI. Women in the 
third quartile of adherence to the Healthy DP (adjusted mean loss 0.17 kg/m2) 
had a larger decline in appendicular LMI (-0.08 [-0.14; -0.02] kg/m2) com-
pared to the lowest quartile of adherence (adjusted mean loss 0.09 kg/m2). 
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Women in the second quartile of adherence to the Light meal DP (adjusted 
mean loss 0.10 kg/m2), compared to the lowest quartile (adjusted mean loss 
0.15 kg/m2), had a lesser decline in appendicular LMI (0.05 [0.00; 0.10] 
kg/m2), whereas higher adherence to the Light meal DP was not associated 
with higher or lower change in appendicular LMI. 

Figure 7. Panels displaying the associations between the adherence to the Healthy 
DP at baseline and appendicular lean mass index at baseline (A), change in appen-
dicular lean mass index between baseline and follow-up (B), chair stand test at fol-
low-up (C), and handgrip strength at follow-up (D). 
β coefficients were adjusted for reported energy intake, age, BMI, education, smok-
ing status, physical activity (walking/bicycling and exercise), hormone therapy, dia-
betes mellitus, use of supplements, and comorbidity. In analyses using information 
at follow-up, models were further adjusted for follow-up time. 
ALMI, appendicular lean mass index; DP, dietary pattern; Adj. mean, adjusted mean 
value; BMI, body mass index 

Similar results were seen when excluding participants with appendicular LMI 
below 5.5 kg/m2 (n= 620) at baseline; however, estimates displayed less pre-
cision. Associations between DPs and change in total LMI from baseline to 
follow-up displayed similar results as associations with appendicular LMI for 
all DPs. 
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Discussion 

Assessment of energy expenditure 
In Paper I, we compared six equations [35, 64, 69, 70, 183, 184] to calculate 
REE in relation to REE derived from indirect calorimetry in 82-year-old Swe-
dish men. The comparisons provided useful information on which equation to 
select for calculating REE in ULSAM5 (mean age 82 years). 

Our main findings are in line with previously reported results [33, 35, 66, 
72]. We hypothesized that FFM-based equations would be superior to non 
FFM-based equations in estimating REE in old individuals, which has been 
confirmed by others [35, 66]. However, our results suggest that FFM-based 
equations do not always predict REE more accurate than equations based on 
traditional anthropometrics. The equation by Cunningham, based on FFM, 
performed less accurate than the non FFM-based equations, which also has 
been reported by others [33, 183]. Reidlinger et al. [73] made an even clearer 
statement when they concluded that none of the six equation (including the 
equation by Harris-Benedict [69], Luhrmann [35], Mifflin-St Jeor [183], and 
Henry [64]) that they validated were accurate in individuals aged 70 years or 
older. This is in line with the findings by Ocagli et al. [208], who applied 101 
equations to a population of older people, displaying a great heterogeneity 
among REE estimates. 

Our results further address the difficulty in choosing a valid equation, since 
the equations produce different results, pointing out the importance of validat-
ing the equation in the study populations before being used. It can also be  
questioned whether we found the most accurate equation, as we actually only 
determined the most accurate of the six equations we included, out of which 
none were particularly accurate. This may be a reason why there are almost 
an infinite number of equations. Ocagli et al. [208] identified 210 equations, 
whereof 174 were validated in a population including older people. These re-
sults highlight the importance of REE being measured as far as possible if the 
intention is to report the total intake and not just rank individuals. 

Another dilemma is the fact that a large majority of studies on adults con-
sidering data on dietary intake do not report information on energy expendi-
ture [209], including Papers II, III, and IV. However, it can be debated whether 
this information is of any use in view of the major sources of error discussed 
above. 
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Diet and sarcopenia 
Few studies have evaluated dietary patterns in relation to sarcopenia (defined 
as the combination of low muscle mass and low muscle function), but several 
studies have analyzed the corresponding relations to the separate components 
of sarcopenia. As reviewed by Bloom et al. [29] individuals with overall 
healthy diets (e.g., mainly characterized by higher intake of vegetables, fruits, 
whole grains, fish, and poultry, with a low intake of saturated fat) are more 
likely to maintain physical performance (e.g., measured as chair stand test and 
SPPB), compared to those with less healthy diets. 

Paper II 
When Paper II was published, only four previous studies [171-174] had ex-
amined dietary patterns in relation to the composite definition of sarcopenia. 
The longitudinal study by Chan et al. [171] found no associations between 
high adherence to a Mediterranean dietary pattern and sarcopenia. On the 
other hand, both Hashemi et al. [173] and Mohseni et al. [172] found an asso-
ciation between the highest adherence to a Mediterranean dietary pattern and 
lower odds ratio of having sarcopenia in their cross-sectional studies. The fol-
low-up period in Paper II was significantly longer (16 years) compared to 
Chan et al.’s study (4 years) and may be an explanation for the inconsistent 
results, as the definition of sarcopenia relies on cut-offs which may take time 
to obtain. Of course, the differences in prevalence of sarcopenia may depend 
on the definition of sarcopenia. Also, methods used play a part, even though 
the participants were of a similar age. In addition, the definition of the Medi-
terranean diet may differ, and it could be discussed if a Mediterranean diet is 
applicable in different ethnic food habits [210]. 

Paper III 
In Paper III, we used a posteriori defined dietary patterns. The results dis-
played that higher adherence to a dietary pattern, mainly characterized by a 
high consumption of fruits, vegetables, poultry, rice, and pasta (DP2), was 
associated with lower prevalence of sarcopenia, defined according to the 
EWGSOP2, 16 years later. In contrast, a higher adherence to a dietary pattern 
mainly characterized by a high consumption of potatoes, meat and eggs, and 
low consumption of fermented milk (DP4) was associated with higher preva-
lence of sarcopenia, although with low precision. The characteristics of DP2 
are reminiscent of what the Nordic Nutrition Recommendations [102] refer to 
as typical properties of a healthy dietary pattern (i.e., plenty of vegetables, 
fruits and berries, pulses, regular intake of fish, vegetable oils, whole grains, 
low-fat alternatives of dairy and meat, and limited intake of red and processed 
meat, sugar, salt, and alcohol). Previous longitudinal studies are scarce and 
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have reported no associations between a posteriori DPs and incident sarcope-
nia in community dwelling men and women in Hong Kong [171] (age ≥65 
years, 4-year follow-up) and United Kingdom [170] (age ≥85 years; 3-year 
follow-up). As in Paper II, the follow-up period in Paper III is considerably 
longer compared to Chan et al. [171] and Granic et al. [170]. 

Paper III also revealed a difference in associations between DPs and sarco-
penia, depending on which EWGSOP definition was used. This points to an 
uncertainty as to how results, from studies that use different definitions, 
should be interpreted. It can also be an explanation for some of the differences 
that are displayed. 

Paper IV 
In Paper IV, the associations between dietary patterns (a priori and a posteri-
ori) and sarcopenia, and its components, in a cohort of women, were exam-
ined. 

Adherences to the included dietary patterns were associated with appendic-
ular LMI at baseline, loss of appendicular LMI over time, and muscle function 
(i.e., chair stand test and handgrip strength) at follow-up 12 years later. No 
clear associations were observed between any of the DPs at baseline and inci-
dent sarcopenia, although sarcopenia incidence was low (4.4%). 

A high adherence to a dietary pattern, mainly characterized by a high con-
sumption of vegetables/legumes, fruits/berries, nuts, grains, whole grain bread 
and fermented milk, and a low consumption of white bread and sodas (the 
Healthy DP), was associated with a higher appendicular LMI at baseline, 
shorter time performing chair stand test and a stronger handgrip at follow-up. 
A greater muscle mass and higher appendicular LMI has been reported in 
other settings [211]. Both Robinson et al. [212] and Perälä et al. [213] have 
also reported that a healthy DP is related to higher grip strength, albeit, not in 
line with Isanejad et al. [214]. However, a high adherence to Healthy DP was 
associated with a greater loss of appendicular LMI over time, not supported 
by Isanejad et al. [214] reporting conflicting results as their healthy DPs were 
associated with less decline in lean mass, over a 3-year follow-up. 

In contrast, we displayed that a high adherence to a dietary pattern, mainly 
characterized by a high consumption of fried potatoes, white bread, meat, high 
fat dairy products, sweet bakery, and sugar/honey/jam/marmalade (the West-
ern DP), was associated with a lower appendicular LMI at baseline, which is 
in line with Shahinfar et al. [215] reporting lower LMI in their cross-sectional 
study. In addition, Granic et al. [170] displayed an association between a Tra-
ditional British DP (mainly characterized by a high consumption of butter, red 
meat, gravy, sweets/dessert and potatoes, reminiscent with a so-called West-
ern DP) sarcopenia. The Light meal DP displayed somewhat contradictory re-
sults with associations to both a higher appendicular LMI at baseline and 
lesser loss of appendicular LMI with moderate adherence compared to low 
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adherence, but also slower chair stand test at follow-up. The Light meal DP 
seems to be unique to this study population and is therefore not discussed fur-
ther. 

The mMED did not display clear associations with any of the outcomes. 
This is unlike Kelaiditi et al. [24] and Nikolov et al. [216] who showed that a 
Mediterranean-like diet was related to a higher percentage of fat-free mass and 
higher appendicular lean mass, respectively, in women, but not in men. In ad-
dition, Barrea et al. [217] and Mendes et al. [218] reported positive association 
between adherence to a Mediterranean-like diet and stronger handgrip. 

Focus on nutrients, food items, or dietary patterns? 
There been a huge interest in protein during the last few years (or decades), 
either as total protein intake (usually described as gram per kg of body 
weight), amino acids (e.g., leucine) or metabolites (e.g., β-hydroxy-β-methyl-
butyric acid, HMB). This is despite the fact that food composition databases 
rarely contain information on, for example, the amount of leucine in various 
food items [219]. The rationale is the effect of proteins’ intake on muscle pro-
tein synthesis and that protein is a substrate for formation of muscle fibers. In 
community dwelling older populations, a high intake of protein has been as-
sociated with less loss of muscle mass (after 3 years follow-up period) com-
pared to a low intake [220], and a higher intake of protein per kg/body weight 
has been recommended [221]. A higher protein intake is also included in the 
Nordic Nutrition Recommendations (NNR) [102], for older people (>65 
years). However, the NNR [102] has to some extent shifted from a focus on 
acceptable ranges of nutrients intakes toward dietary patterns, and underscore 
that single nutrients or food items cannot alone ensure overall health. The Di-
etary Guidelines for Americans (DGA) [96] has also shifted focus and now 
state that the dietary pattern may be more predictive of overall health status 
and disease risk than individual food items or nutrients. One reason for this 
shift in focus is, of course, that it is easier to convey the dietary message to the 
population if the recommendations refer to food items or dietary patterns com-
pared to single nutrients [102]. However, dietary patterns may mask the ef-
fects of single food items, and may allow for potential effects related to food 
items not included in the dietary pattern [222]. 

The effect of the total intake of protein 
The importance of taking the total diet into account has been reported in sev-
eral studies. For example, Granic et al. [170] reported an increased risk of 
sarcopenia even though the intake of protein was good (i.e., above 1g protein 
per kg of body weight), suggesting that if the combination of other food items 
(i.e., dietary pattern) is not favorable, a high intake of protein may not be suf-
ficient enough to protect against sarcopenia. This result may help to explain 
the inconsistent result from studies using protein as the only supplement, in 
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interventions to increase muscle mass and muscle function in older people [53, 
223-225].  

Other explanations may be either the dose, type, and timing of, and com-
pliance with protein supplements. Length of intervention, nutritional status of 
the participants, method used when measuring body composition, definition 
of muscle mass (e.g., FFM or LMI) may also have an effect, and, perhaps, the 
result may be dependent on sex or ethnicity [226]. In Paper IV, even though 
high adherence to the Healthy DP was characterized by, among other food 
items, a higher intake of fruits and vegetables, the intake of protein was high, 
even above the recommended level of 1.2g/kg body weight [102]. The same 
pattern was displayed in Paper III, however with lower intakes compared to 
Paper IV. However, it should be noted that the intake of protein obtained by 
POFR in ULSAM3 might be underestimated, as it was lower compared to the 
calculated protein intake using a 24-hour urine nitrogen excretion [185]. Gra-
nic et al. [170] reported an increased risk of sarcopenia with a DP consistent 
with a mean protein intake of approximately 15E% (corresponding to 65 g per 
day) and Hashemi et al. [173] reported lower odds of having sarcopenia with 
a mean protein intake of approximately 14E% (corresponding to 92 g per day), 
which makes the role of protein intake even less clear. Unfortunately, Chan et 
al. [171], Mohseni et al. [172], and Fanelli Kuczmarski et al. [174] did not  
report the intake of protein in their studies.  

In addition, the way protein intake is reported (i.e., E%, g/kg body weight 
or as total intake in grams) may also deceive the reader into believing that 
intake is equivalent. This is clearly displayed in Supplementary Tables 5 and 
6 in Paper III, where protein intake displayed as E% is equivalent, independent 
of DP or adherence to DP. However, protein intake displayed as either 
gram/kg body weight or as total intake in grams displayed a difference be-
tween adherence to the DPs. This demonstrates the importance of reporting 
protein intake in more ways than one. 

The effect of distribution of protein intake 
Beyond the total protein intake, the effect of distribution (evenly or bolus), to 
reach an anabolic threshold, has also been examined. The rationale behind the 
anabolic threshold is anabolic resistance, caused by a combination of insulin 
resistance, sedentary lifestyle, inflammation, and oxidative stress [227, 228]. 
However, per-meal doses required are still unknown, and this concept may 
have a larger impact if the total intake of protein is low or the physical activity 
levels are low [226]. Another aspect is that if the per-meal intake of protein is 
high, the intake of other nutrients will probably also be high. For example,  
having one large meal, instead of many small, has been associated with a  
higher total daily intake of both energy and protein, in older people [229]. 
However, Wirth et al. [230] concluded in their systematic review that protein 
supplementation has a positive impact on lean body mass (LBM), inde-
pendently of the timing of intake . The effect of distribution has not been used 
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in any of the studies that have examined associations between dietary patterns 
and sarcopenia. To be able to perform such a study, a food record is probably 
needed when assessing dietary intake; thus, this could be evaluated in UL-
SAM3. Theoretically, the effect of the distribution of intake may be one of the 
reasons for the inconsistent results between the studies using DP as an expo-
sure and sarcopenia as the outcome. For example, in Paper II, those having 
sarcopenia had a higher intake of protein (if displayed as g/kg body weight  
and categorized as low, medium, or high), but they might have had a more 
evenly spread intake, not reaching an anabolic threshold. However, this needs 
to be studied further. 

The effect of protein source 
The source of protein has also been investigated, perhaps mostly due to dif-
ferent content of leucine and different amino acid scores (even though most 
studies do not use amino acid scores as exposures). Hanach et al. [231] con-
cluded, in their systematic review and meta-analysis, that an amount of 14 to 
40 g of milk protein per day is associated with increased appendicular lean 
mass in persons aged 61 to 81 years. However, there was no association with 
muscle function. Lim et al. [232] concluded, in their systematic review and 
meta-analysis, that animal protein does not affect muscle function but tends to 
be more beneficial for lean body mass compared to plant protein. However, 
this was only shown in persons below the age of 50, with no effect in persons 
older than 50 years. These statements contradict, to some extent, that amino 
acid score for individual food items has an effect. This is in line with Morgan 
et al. [233], reporting no indication on age-specific difference in protein qual-
ity on changes in LBM or muscle function, even though protein quality 
demonstrated a significant effect on postprandial muscle protein synthesis. 
Valenzuela et al. [234] conducted a systematic review and meta-analysis on 
the effect of exercise training (either endurance or resistance training) on body 
composition or exercise performance, combined with either whey protein, 
beef protein, or without protein supplementation. They displayed no differ-
ence between the effect of whey compared to beef protein. Perhaps even more 
interesting was the margin effect (probably driven by a higher total intake of 
protein) of beef protein compared to no protein supplementation at all. How-
ever, the majority of participants in the studies included were between the ages 
of 18 and 30 years. In addition, both Kiesswetter et al. [235] and Morgan et 
al. [233] highlight that the effectiveness of protein supplementation may de-
pend on the habitual protein intake. This might be an explanation for the mar-
gin effect of supplementation of protein reported by Valenzuela et al. [234]. 
The role of protein supplementation may have a clearer role in populations at 
increased risk of muscle wasting [236]. During periods of weight loss, a higher 
protein intake (≥25 E% or ≥1.0 g) has been reported beneficial as more lean 
body mass is retained [237]. However, protein supplementation in non-frail 

70 



 

    

  
 

 
 

 
  

 
   

 
 

  
 

   

 
 

  
 

  
 

 

 
 

 
   

  
  

  
 

      
     

  

    
  

 

community dwelling older populations, with a sufficient habitual intake of 
protein, did not lead to increases in lean body mass or muscle function [238]. 

Another aspect of protein source is that different protein sources are often 
mixed within a meal. Protein sources (e.g., dairy, soy, meat, pea, flour) usually 
have different limiting amino acids, which means that a combination of dif-
ferent protein sources can generate a higher amino acid score than the individ-
ual protein sources individually [239]. For example, traditional Swedish pea 
soup combined with pancake has higher amino acid score compared to these 
foods one by one. With a higher amino acid score the oxidation of amino acids 
can be reduced and a larger proportion of the amino acids can be used in ana-
bolic processes [240]. However, by using dietary pattern, this aspect is taken 
into account. Nevertheless, several factors, such as digestion and absorption 
in the intestine, affect how the protein is utilized in the body. Therefore, it is 
not enough to assess protein quality solely on the basis of biochemical analysis 
(a theoretical estimate), as it does not give information on physiological limi-
tations (e.g., digestibility) [241]. In addition, there are inhibitory factors in the 
food such as phytic acid and trypsin inhibitors, which limit the absorption of 
protein, and thus can affect the effect of protein intake. Implying that, theoret-
ically, a dietary pattern with a high intake of phytic acid (e.g., grains, bran, 
legumes) and trypsin inhibitors (e.g., soy-beans, egg) may blur the results, and 
higher intake of protein may be required. Even though HDI favors a high in-
take of fiber, the median intake, used as a cut-off when defining HDI, was not 
that high (2.4 g/MJ) in Paper II, and probably not negatively affecting the uti-
lization of protein and therefore not explaining the dissimilar result compared 
to mMDS. 

Protein in summary 
There are cross-sectional studies, for example, Jun et al. [242], which report 
associations between protein intake and greater appendicular lean mass and 
higher handgrip strength (adjusted for BMI, in 40 to 59-year-old participants). 
However, this is not supported by results from longitudinal studies, for exam-
ple Verreijen et al. [225] reported that protein intake was not associated with 
a 5-year change in muscle mass. However, Tagawa et al. [224] concluded, in 
their systematic review and meta-analysis, that supplementation with protein 
for several months by 0.1 g per kg of body weight per day, in a dose-dependent 
manner, may increase or maintain lean body mass, with a ceiling effect, or at 
least rapidly diminished, after reaching 1.3 g protein per kg of body weight. 
However, most indications are that protein has a positive effect on muscle 
mass, and may have a role in prevention of sarcopenia, yet with a ceiling ef-
fect. Nevertheless, there is no consistent evidence to support a beneficial effect 
on muscle function [236]. 
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Supplementation 
Supplementation with a combination of protein and Vitamin D, in a systematic 
review and meta-analysis, has been reported to improve muscle function in 
patients with sarcopenia, albeit without an effect on muscle mass [243]. 
Tessier et al. [226] concluded that a combined supplementation including pro-
tein, leucine, Vitamin D, and n-3 PUFA may represent an intervention strategy 
in the prevention of sarcopenia and functional decline. However, Murphy et 
al. [53] reported no effect on appendicular lean mass or muscle function with 
supplementation of a combination of protein and fish oil derived n-3 PUFA.  

Limitations of intervention studies 
A majority of these intervention studies, using single nutrients, combinations 
of nutrients, or single food items, do not report compliance and do not evaluate 
the habitual dietary intake before and during the intervention. These circum-
stances make it difficult to compare the total intake of the nutrient that is sub-
stituted. Thus, this may result in insufficiently differences between interven-
tion and control groups [222]. It also points to another topic, energy balance, 
which is seldom taken into account [209]. As earlier described, a person’s en-
ergy intake and energy expenditure are largely determined by body size and 
physical activity, a change in energy intake will lead to a change in body 
weight (if not energy expenditure is increased) [188]. In other words, by add-
ing nutrients that provide energy (e.g., protein) as an intervention, participants 
have to adjust their habitual dietary intake to maintain energy balance (or alter 
their physical activity). This indicates that the method of adding a certain nu-
trient or for that matter, a food item, will affect the individual's habitual dietary 
pattern. Together with the knowledge of sarcopenia being slowly developed, 
this indicates the need to study the individual's diet from a dietary pattern per-
spective. 

The effect of dietary patterns 
The definition of a healthy dietary pattern differs, but on the whole they are 
reminiscent of each other and are based on common cornerstones (above all a 
high intake of fruits, vegetables, and fish and at the same time a low intake of 
red meat). Several studies, examining single food groups, have reported a high 
intake of fruits and vegetables being associated with lower prevalence of sar-
copenia [244], and individuals with high adherence to a healthy diet (of which 
the Mediterranean diet has been studied most often) are more likely to main-
tain physical performance, compared to those with low adherence [245-251]. 
Davis et al. has reported associations between healthy DP (rich in vegetables, 
fruits, and whole grains) and a smaller decrease of skeletal muscle mass (dur-
ing 15 years of follow-up) in men [252], and a higher appendicular LMI (dur-
ing 5 years of follow-up) in women [253]. However, conflicting results have 
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been reported [254, 255], even when using different versions of healthy die-
tary patterns within the same population [171, 256], and in Papers II and IV. 
For example, Smee et al. [256] found associations between one a priori de-
fined DP (the HDI) and lean body mass and physical function in women, but 
did not find any association using another a priori defined DP (the Healthy 
Eating Index, HEI). However, the healthy DPs rendered similar associations 
without displaying clear associations or reaching statistical significance.  

Although a healthy dietary pattern likely has a favorable role in the preven-
tion of sarcopenia, the outcome of dietary patterns in relation to sarcopenia 
and features of sarcopenia varies between studies. As stated by Kiesswetter et 
al. [235], there is a need for studies accounting for habitual dietary intake, as 
results from experimental trials cannot easily be transferred to everyday con-
ditions. Putra et al. [257] also emphasizes the importance of studying the sin-
gle nutrient in the context of the total diet. The significance of this is clearly 
reported by Granic et al. [170], displaying that a dietary pattern may be asso-
ciated with an increased risk of sarcopenia, even if the intake of protein is 
high. This is also, to some extent, displayed in Paper II, Table 1, and Tab S2, 
where there is no difference in protein intake reported as E% in the different 
categories of mMDS (i.e., low, medium or high adherence), but there is a dif-
ference between those who have sarcopenia and those who do not have sarco-
penia, if the intake of protein is reported as g/kg of body weight. These results 
display that those having sarcopenia reported a higher protein intake per kg of 
body weight. 

Even though the Mediterranean diet has been described similarly for dec-
ades, studies vary considerably because points are given based on the study 
population’s median intakes of foods defining the dietary pattern. Neverthe-
less, the nutrient outlines in the Mediterranean diet (e.g., E% from MUFA, 
PUFA, SFA, protein, and carbohydrate) are more consistent between studies, 
compared to the amount of foods consumed. One difference between the 
mMDS in Paper II and the mMED in Paper IV is how dairy products have 
been scored. In Paper II, a low intake of dairy was favorable, while in Paper 
IV a high intake of fermented dairy was favorable. However, there are incon-
sistencies regarding the role of dairy in sarcopenia. Granic et al. [258] reported 
that evidence of a beneficial effect of milk on muscle mass and muscle func-
tion was lacking. On the other hand, Hanach et al. [231] reported an associa-
tion between dairy protein and increased appendicular muscle mass.  

In addition, as displayed in Papers II, III, and IV, there is a challenge in 
describing and labeling dietary patterns as their main features may resemble 
each other. For example, the mMDS in Paper II, DP2 in Paper III, the mMED 
and the Healthy DP in Paper IV, are characterized by a high intake of fruits 
and vegetables. However, regarding pasta, both the mMDS in Paper II and the 
DP2 in Paper III are characterized by a high intake of pasta, and at the same 
time associated with a lower prevalence of sarcopenia. Nonetheless, the West-
ern DP in Paper IV is also characterized by a high intake of pasta, and not 
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associated with a lower prevalence of sarcopenia. In fact, it is rather associated 
with a lower appendicular LMI at baseline. A similar example exists if we take 
a closer look at the DP2 in Paper III and the Healthy DP in Paper IV, charac-
terized by a high intake of poultry and beneficial effects on sarcopenia or the 
components included in the definition of sarcopenia. Conversely, the Light 
meal in Paper IV is characterized by a low intake of poultry and is still asso-
ciated with a higher appendicular LMI at baseline, however, also associated 
with slower chair stand test performance at follow-up. These are examples of 
difficulties in describing the dietary patterns that have been identified, but they 
also demonstrate the importance of looking at the total diet. 

Is there a ceiling effect for fruits and vegetables? 
Similar to the ceiling effect that has been reported in terms of protein (g/kg of 
body weight), there might be a ceiling effect for fruits and vegetables as well. 
For example, the median intake of fruits and vegetables (used for defining 
adherence to Mediterranean-like diet) was significantly higher in Paper IV 
(3.6 servings, corresponding to approximately 350 g) [259] compared to Paper 
II (less than 200 g). The difference in intake of fruits and vegetables becomes 
even clearer when comparing the median intake in Paper II (less than 200 g) 
with the mean intake in the group with the lowest adherence to mMED in 
Paper IV (2.5 servings, corresponding to approximately 250 g). These differ-
ences might be affected by different methods for dietary assessments being 
used. The Swedish Food Agency has, however, reported that the Swedish 
women's daily average intake of fruits and vegetables (including a maximum 
of 100 ml of juice), in 2010, was 360 g [40]. Unfortunately, neither Chan et 
al. [171], Mohseni et al. [172], Hashemi et al. [173], nor Fanelli Kuczmarski 
et al. [174] reported the median intake of fruits and vegetables in their popu-
lations. However, Granic et al. [170] has reported that a DP (high in butter, 
red meat, gravy, and potatoes) was associated with an increased risk of sarco-
penia, even when the intake of protein was high, although the mean intake of 
vegetables was only approximately 100 g (unfortunately the intake of fruits 
was not displayed). Hypothetically, the ceiling effect of fruits and vegetables 
may already be reached at an intake of 200 g of fruits and vegetables, and 
perhaps an intake below 200 g is not enough. 

To summarize, investigating individual nutrients and their possible effect on 
muscle mass and muscle function is, of course, an important part of under-
standing the underlying biology. However, it is difficult to get a clear picture 
of the effect of individual nutrients on muscle mass and muscle function, 
among other things, due to the large differences in methods between studies. 
In addition, it is not surprising that supplementation with single nutrients in a 
deficient state has an effect and is, of course, of significant importance. Effects 
on muscle function are even less clear, compared to muscle mass [230, 231], 
and may have a beneficial effect, especially in persons with low nutritional 
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status [226]. Altogether, this highlights that there may be a difference between 
prevention and treatment. 

In conclusion, Papers II, III, and IV add potentially important knowledge 
to the limited literature using dietary patterns to investigate the association 
between dietary intake and sarcopenia (defined as the combination of low 
muscle mass and low muscle function), but there is still a need for further  
investigation, which is also stated in numerous systematic reviews [226, 230, 
231, 233, 236, 238, 243]. 

Methodological considerations 
Definitions of exposures 
Energy expenditure 
There are three methods considered being the most accurate for determining 
energy expenditure: direct or indirect calorimetry and the doubly labeled wa-
ter method [63]. In Paper I, indirect calorimetry is used; however, only REE 
was measured, and not TEE. As the measurements were performed after at 
least 12 h of fasting, it could be argued that the basal metabolic rate (BMR), 
and not REE, was measured. This may introduce bias, as diet induced energy 
expenditure (DEE) is not included in BMR. The DEE share of TEE is consid-
ered to be 5–10%. However, even if a valid method is used, the result is largely 
affected by the actual execution of the method. The measurement in Paper I 
was done using strict exclusion criteria (e.g., the first 5 min of each measure-
ment were discarded, a period of 5 consecutive minutes’ steady state was 
used) [260], providing reliable results. However, these strict exclusion criteria 
led to exclusion of a large proportion of participants. 

We validated six, frequently used, prediction equations. However, we did 
not include the most common method used when estimating energy expendi-
ture (TEE) in a clinical setting in Sweden (using 25 kcal per kg of body 
weight), which would have been of interest. This is especially since Ocagli et 
al. [208] displayed that the equations with the highest agreement were those 
with fewer variables. 

Assessment of dietary intake  
The issue of misreporting of dietary intake is discussed to a greater extent in 
the section on "Misreporting of dietary intake" below. Under this heading, the 
difference between different methods of collecting dietary data will be dis-
cussed. 

As described in the section on “Methods for defining dietary patterns”, 
there are several methods for assessing individual dietary intake and the most 
common is probably food record/dairy (real-time recording), 24-hour recall, 
and FFQ (both being methods of recall). In this doctoral thesis, both pre-coded 
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optical readable food records (POFR) and FFQ have been used. There are 
strengths and limitations in both methods, and both are subjective methods. 

Pre-coded optical readable food records 
In ULSAM, a food record (POFR) was used, see Papers II and III. This POFR 
was pre-coded. Furthermore, the dietary intake was assessed during seven 
consecutive days, and consumption of food items not being pre-coded was to 
be reported in free-text [261]. This time period minimize bias related to the 
day of the week (e.g., weekday vs. weekend), and may capture food items not 
eaten daily [262]. However, a single week does not take into account any sea-
sonal variations. 

One of the main advantages of this method is the recording of the foods 
and beverages consumed by the participant, thus reducing the recall-bias, and 
therefore considered more accurate. Nevertheless, the burden on participants 
may influence accuracy and, perhaps, even influence behavior in order to  
lessen the burden of recording dietary intake. Using a pre-coded food record 
may, to some extent, ease the burden and make it easier to describe portion 
sizes. 

It is reasonable to assume that the high burden using food records affects 
who will record their intake, and this may compromise the generalizability of 
the results, and may also be considered as a selection bias. 

The POFR has been validated, in a comparison with an open-ended 
weighed food records, in a subgroup of the study population [185]. Reported 
dietary intake assessed by the POFR displayed a larger proportion of partici-
pants under-reporting energy intake compared to weighed food records, but 
with moderate to high agreements between the methods regarding intake of 
macro and micro-nutrients. 

There are probably several reasons for this underreporting, one being the 
inclusion of standard recipes including fat used for cooking. Thus, if the indi-
vidual uses a larger amount of fat, or fats with a different fat content, this will 
not be recorded, thus affecting and diminishing the accuracy of the reported 
intake. 

Food frequency questionnaires 
A FFQ that contains few food items may underestimate the true variation in 
dietary intake and not cover the total diet. However, an extensive and detailed 
FFQ may provide a greater burden on the respondent and lead to lower quality 
of reporting the intake. Furthermore, too few food items might diminish the 
possibility of estimating the individual’s total daily energy intake. The three 
different FFQs, used in different phases of SMCC, contain approximately 100 
food items, with the same common food categories. Even though they are 
reminiscent of each other, the analysis in Paper IV is adjusted, depending on 
which phase the dietary intake was assessed in. In addition, FFQs are prone to 
recall bias since individuals are asked to report their intake retrospectively. 
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The FFQ usually refers to prolonged periods of time, as in SMCC, where in-
formation on consumption in the past year was requested. The long period of 
time probably contributes to the habitual dietary intake is assessed, and that 
the impact of seasonal variation being reduced, nevertheless, the recall-bias 
may be enlarged. FFQ may not provide a high accuracy regarding the total 
intake of energy or nutrients; however, it will be possible to rank individuals 
according to their intake. Nevertheless, ranking is the primary objective of this 
doctoral thesis. 

Dietary patterns 
One of the major disadvantages when using dietary patterns (DPs) as expo-
sures is the strong connection to traditional and regional dietary habit, result-
ing in population specific DPs. For example, in Sweden you may find a dietary 
pattern including legumes, dessert and processed meat (traditional pea soup 
with pancake and whipped cream, often eaten on Thursdays, sometimes 
served with alcohol). This may not be an issue when using the total diet de-
fining DPs; however, if only using a small proportion of food groups, you may 
end up with a DP not representing what you believe, for example, a diet high 
in legumes but not displaying the intake of meat and saturated fat. The a priori 
defined DPs in Papers II and IV deals, to some extent, with this issue. In the 
mMDS, a ratio between PUFA and SFA is included together with food groups, 
for example, a low intake of milk and milk products is beneficial. The mHDI 
is mainly built on nutrients (e.g., SFA and PUFA) and only a few food groups. 
However, both are aiming to identify a healthy diet. The strong association 
with the population studied is, to some extent, also caused by the use of me-
dian intake as cut-offs when defining scores. Particularly, if a large proportion 
of the participants have an intake rather close to the median intake in the 
group. In addition, the a priori approach may have limited use when scores do 
not vary considerably in a population, as the scores may be reached by very 
different individual component scores and therefore may not reflect similar 
food choices. These methods may lead, for example, to a high score on MDS 
not being comparable between populations, depending on the median intake 
of included food groups. Even though you can rank the population as being 
high or low adherent to MDS, which is an advantage, you may have to exam-
ine the actual intake of the included food groups when comparing results with 
other studies, as it may differ. 

Labeling of a posteriori dietary patterns 
It is not only a priori dietary patterns that deal with this problem. Our results 
highlight difficulties in labeling a posteriori defined dietary patterns. Dietary 
patterns with similar attributes are labeled differently in different studies, and 
may display different associations both between and within populations. As 
mentioned above, there are also challenges in how a posteriori defined dietary 
patterns are labelled. It also demonstrates the difficulty in comparing dietary 
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patterns and eating habits between different populations. For example, Granic 
et al. [170] reported that adherence to a DP labeled Traditional British, char-
acterized by a high consumption of butter, red meat, gravy, vegetables, 
sweets/dessert and potatoes, was associated with sarcopenia. Even though this 
DP consisted of the highest intakes of vegetables in their population, it was 
not associated with a lower prevalence of sarcopenia. It is worth mentioning 
that it was a small difference between the mean intakes of vegetables in the 
Traditional British DP in the study by Granic et al. [170] (just over 100 g/d) 
and DP2 in Paper III (approximately 90 g/d in the group with high adherence). 

A posteriori DPs are defined using dietary data at hand and reflect the total 
dietary intake and can be defined using different statistical approaches. The 
PCA approach further captures the fact that most people in the population eat 
most foods, although in varying amounts and frequencies, which is a strength, 
as it elucidates that foods are eaten in a context. In contrast to the cluster ap-
proach, all individuals in a population will obtain a value for adherence to each 
dietary pattern. In cluster analysis, an individual will only be part of one single 
cluster. The cluster analysis therefore better allows for comparison between 
clusters but may, on the other hand, not capture the fact that almost every 
participant has, at least a certain, intake in all food groups. In PCA, principal 
components are calculated based on dietary intakes that correlate with one 
another. In cluster analysis, groups (clusters) of individuals are formed by 
minimizing the within group variation and maximizing the between group var-
iation. However, a disadvantage of PCA is that only a low to moderate pro-
portion of the dietary intake is explained [222, 263], for example, in Papers 
III and IV approximately 25% of the total variance was explained.  

Together, this highlights the importance of clearly describing the dietary pat-
terns and outcomes used to enable comparison with other populations. 

Misreporting of dietary intake 
There is no doubt that misreporting occurs in self-reported data, regardless of 
whether it is dietary intake, physical activity or any other topic [88]. Even so, 
despite known underreporting, self-reported smoking habits have been asso-
ciated with adverse outcomes, results that are not questioned today. Energy 
intake is often under-reported even if over-reporting of energy intake has been 
reported. 

Challenges when measuring dietary intake 
To measure an individual’s habitual food consumption, as known, is challeng-
ing. The challenge is partly due to the fact that measurement must be accurate 
but not too extensive so that it alters the habitual dietary intake. Many factors 
affect the accuracy of the reported dietary intake (e.g., issues related to 
memory, estimating of portion size, temporarily change in dietary intake due 
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to the recording process itself, or social desirability bias). Social desirability 
(i.e., “the tendency to respond to questions based on a perception of what constitutes 
a socially appropriate response, regardless of the truth”) [264], for example, is 
related to underreporting of energy intake, especially in women [264]. Hébert 
el al. [265] reported an effect of the level of education on the accuracy of self-
reported dietary intake, where highly educated (collage) women underrepor-
ted energy and protein intake, derived from FFQ, to a larger extent compared 
to those with a lower level of education. What is perceived as so-called, so-
cially desirable foods may differ depending on the context, but is usually, what 
we call, healthy food items, and vice versa, socially undesirable foods are usu-
ally sweets, added sugar and high-fat food items [264, 266]. Studies have re-
ported omission of snacks between meal and lower intake of both carbohy-
drates and fats [264]. The choice of assessment method may also affect the 
validity of reported dietary intake, due to reliance on memory; therefore, FFQs 
may suffer from greater measurement error compared to 24 h dietary recalls 
and food records [267]. The choice of assessment method is therefore im-
portant and must be based on the research question itself and on the investiga-
tor's judgement. 

The time interval is another contributing factor to the challenge of measur-
ing habitual dietary intake. It has been proposed that dietary intake infor-
mation must be collected during approximately one month to measure habitual 
energy intake on an individual level [75, 188]. That is for sure a challenge. 
The number of days necessary to estimate true intake depends on the variabil-
ity in intake of the nutrient in question and the degree of accuracy needed 
[268]. Several factors, such as weekdays, seasons, or holidays, need to be 
taken into account as they affect what can be considered a habitual dietary 
intake [268]. 

Beyond measuring dietary intake 
Another topic, not to be overlooked, is that even if the reporting of dietary 
intake would be flawless it must then be converted into nutrients and energy, 
using a food composition database. This, of course places great demands on 
the quality of this database and on the person recording the data. In the in-
cluded papers, the database from the Swedish Food Agency (SLV version 
1990 in Papers II and III and SLV version 2004 in Paper IV) has been used. 

It is, of course, of great importance that the collection of data be as valid 
and as accurate as possible, and include a reasonable time interval. Neverthe-
less, the interpretation of data may be even more important. The research ques-
tion and the study design are also of importance. One approach to dealing with 
misreporting is to exclude extreme outliers and adjust the analyses for total 
energy intake [188, 189], as performed in our main analysis in Papers III and 
IV. This allows for the ranking of individuals’ dietary intake, which is a most 
important aspect when studying associations. In Paper II, a similar approach 
was used, but the analyses were adjusted for total the intake of protein, instead 
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of the total intake of energy. In addition, dietary intake variables are often 
continuous (e.g., grams, portions), however, nutritional epidemiological stud-
ies often use categorical variables (e.g., median, tertile) as exposure, and, thus, 
reduce the impact of extreme or uncertain values [102]. 

Biomarkers of dietary intake 
Another approach to deal with the problem of misreported dietary intake is the 
use of biomarkers, either recovery, predictive, concentration or replacement 
biomarkers [269]. Nutritional biomarkers are tools to provide objective infor-
mation on dietary intake. Recovery biomarkers (e.g., doubly labeled water and 
urinary nitrogen) are directly associated with dietary intake and can display 
the absolute intake of energy or a specific nutrient. Concentration biomarkers 
(e.g., serum carotenoids, Vitamin D and Vitamin C) can be used for ranking 
individuals but are affected by lifestyle factors and metabolism, and therefore 
lack the quantitative relationship with intake that recovery biomarkers pos-
sess. Predictive biomarkers (e.g., urinary fructose, sucrose, and dietary sugars) 
display a dose-response relationship and can predict the dietary intake to some 
extent. Replacement biomarkers (e.g., sodium and polyphenols) may serve as 
a proxy marker for intake when information in food composition tables is in-
adequate or unavailable. However, biomarkers cannot be used when determin-
ing dietary patterns, even though, for example, Vitamin C has been reported 
as a useful biomarker for the intake of fruits and vegetables, albeit with incon-
sistent result [269]. Nevertheless, biomarkers may be used to confirm, for ex-
ample, a high adherence to a DP high in fruits, vegetables, fish, and vegetable 
oils. 

However, any nutrient being physiologically controlled (e.g., serum cal-
cium being under homeostatic control) cannot provide unique information on 
dietary intake. Not to forget, only known nutrients or metabolites can be ex-
amined, leaving unknown compounds or unknown synergistic effect by dif-
ferent food items unrevealed [86]. 

The gold standard for measuring TEE in free-living individuals is the dou-
bly labeled water (DLW) method [270]. TEE is then calculated from carbon 
dioxide production using the same equations as with indirect calorimetry. 
Based on this simplified description, it is not difficult to understand that this 
method cannot be used as a routine tool for validating energy intake. However, 
there are studies that have validated energy expenditure measured using the 
DLW method compared to self-reported energy intake. The majority of stud-
ies reporting on the accuracy of food records, at group level, display signifi-
cant underreporting of energy intake by 11–41% [271]. Similar results have 
been reported for FFQ, displaying underreporting by 5–42% [271]. Burrows 
et al. [271], in their systematic review, stated that women have a greater ten-
dency to misreport energy intake when using FFQ compared to men. How-
ever, there are inconsistencies regarding differences by sex. In addition, the 
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timeframe of DLW measurements does not always overlap with the assessed 
period of self-reported dietary intake. 

Methods for identifying misreporting 
There are other methods that can be used when evaluating the accuracy of 
reported dietary intake. What method to use is influenced by both the method 
of dietary assessment and the study design. If the interest is in nutrients and 
quantitative assessments of nutrients, rather than food items, it may be more 
important to have reporters who record dietary intake with great accuracy. A 
commonly used approach is to identify adequate energy reporters. The ra-
tionale behind this is that intakes of most nutrients tend to be positively cor-
related with total energy intake, in free-living populations, even though the 
composition of diets may vary [188]. A commonly used method to identify 
adequate energy reporters is using the Goldberg cut-offs [84]. The Goldberg 
method uses the number of days of self-reported dietary intake, sample size, 
within-day coefficients of variation for reported energy intake, estimated 
REE, and PAL to determine low and high cut-off values (e.g., 95% confidence 
limits). However, by trying to overcome under-reporting of energy intake us-
ing the Goldberg cut-offs, other types of bias might be introduced. This is 
partly because the Goldberg cut-offs are dependent on information on individ-
ual physical activity level (PAL), as Goldberg´s assumptions rest on the total 
energy expenditure (TEE). In large studies, REE is estimated using prediction 
equations, although these equations have been reported to overestimate REE 
in healthy older people [74]. It should be noted that the accuracy of predictive 
REE displayed 45% of the individuals within 10% accuracy in Paper I (both 
under- and overestimated) compared to indirect calorimetry. In addition, phys-
ical activity is often self-reported and is in itself prone to misclassification. All 
the above scenarios affect the accuracy of the interpretation of Goldberg cut-
offs. In addition, metabolic adaptation to underfeeding is associated with a 
reduction of REE, below predicted values [59]. Another limitation with the 
Goldberg cut-offs is that it is based on the assumption of weight stability, and 
at the same time it is well known that aging is associated with weight loss. It 
is thus doubtful whether this method is applicable in long-term follow-up stud-
ies. As concluded by Black [84] and Livingstone [270], the sensitivity for 
identifying people under-reporting on an individual level is limited; however, 
the Goldberg cut-off can be used to evaluate the mean population bias. This is 
confirmed by Ejima et al. [272], using doubly labeled water as a reference 
method, reporting that the Goldberg cut-offs did not eliminate bias. Even so, 
the Goldberg cut-offs are used in the sensitivity analysis, in Papers II and III, 
using individually PAL, as recommended by Black [273] and Livingstone 
[270]. 
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Even though the reported energy intake could be considered acceptable, 
underreporting of a specific nutrient may be present [76, 81, 274]. Thus, mis-
reporting can still exist even after excluding non-adequate energy reporters, 
with either method. 

As energy expenditure and energy intake are influenced by body size, met-
abolic efficiency and physical activity the variation between individuals can 
be considerable. Body size, being the major determinant of energy expendi-
ture, will influence the amount of energy and nutrients consumed [188], re-
sulting in an association between body size and the absolute consumed amount 
of a specific nutrient. In other words, a low body weight is associated with a 
low total intake of nutrients and energy, and vice versa, a high body weight is 
associated with a high intake. To deal with this, the dietary intake in Paper II 
was adjusted for the total intake, using either the residual method (variables 
in g/day) or as nutrient densities (energy percent or g/MJ) [188, 275], depend-
ing on the nature of the components included in each dietary pattern score 
(i.e., mHDI and mMDS). 

In conclusion, misreporting occurs in self-reported dietary intake. There are 
various methods that can be used to overcome this possible source of error and 
the choice depends on which diet assessment technique is used and on the 
research question to be answered. This also needs to be considered when in-
terpreting the results. 

Definitions of outcomes 
Appendicular lean body mass 
Using DXA when measuring body composition is a strength, and DXA is rec-
ommended by the European Society for Clinical Nutrition and Metabolism 
(ESPEN) [276]. However, it could be debated if there is a reliable method of 
measuring muscle mass as most methods estimate muscle mass using lean 
mass. Nevertheless, this may not be an issue when defining sarcopenia, since 
the definition of low muscle mass actually has a threshold for appendicular 
lean mass index (also denoted SMI, skeletal muscle mass index). Since sarco-
penia is often defined from the appendicular (arms and legs) lean mass, sub-
dividing the body is crucial. This could be done using BIA, depending on the 
method being used. However, since total LMI displayed similar trends as ap-
pendicular LMI, in Paper IV, the choice of muscle mass measurement (i.e., 
appendicular or total lean mass) may not have a decisive significance in the 
definition of sarcopenia.  

There are several limitations when using DXA compared to BIA and MRI 
(BIA and MRI are described in the section on “Measuring body composi-
tion”). One is the exposure to radiation [112], even though it is similar to the 
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normal background radiation received over one day at sea level and consid-
ered very small [117]. Another, and probably the largest, is the cost and re-
striction on access to the DXA machine. Still, more recently developed tech-
niques for assessing muscle mass, for example computed tomography (CT) 
and ultrasound, have gained increased attention in studies of sarcopenia [121]. 
CT are currently mainly used in clinical settings, e.g., oncology, and per-
formed for other reasons. However, due to the large radiation exposure and 
high cost, CT is probably not feasible when defining sarcopenia. Ultra sound 
is still under development and not yet recommended when defining sarcopenia 
[121]. In addition, no clear cut-off values have been reported to identify sar-
copenia when using CT or ultrasound [122]. 

Muscle function and physical performance  
The terminology might be quite confusing in studies, as the use of muscle 
function, muscle strength, physical performance, and measurement of body 
function are used more or less interchangeably. The WHO [277] has also con-
tributed to this confusion, defining that Body Functions are physiological  
functions of body systems as compared to Body Structures, which are anatom-
ical parts of the body such as organs, limbs, and their components. In other 
words, muscle function is included in Body Function. In this doctoral thesis 
muscle function includes measurement of muscle strength. Physical perfor-
mance (i.e., gait speed) is used as a component of sarcopenia, even though 
severity grading of sarcopenia was not performed in the papers included in 
this doctoral thesis. 

Handgrip strength is frequently used as an overall measurement of muscle 
strength, as it has been displayed to be a proxy for lower extremity muscle 
strength, and is considered easier to measure, compared to, for example, leg 
press [127]. In the EWGSOP2 definition of sarcopenia either handgrip 
strength or chair stand test is recommended to be used to measure muscle 
strength. 

However, it can be discussed if these methods are interchangeable in a pop-
ulation of older people, as the chair stand test involves more than just strength 
(e.g., balance and endurance) [126] and is often defined as a measure of lower 
limb functional muscle strength. Furthermore, in some studies, chair stand test 
is referred to as a measure of physical performance, together with gait speed 
[127]. Lord et al. [126] indicated, in their study in community dwelling older 
people in Australia, that chair stand test was a poor proxy for lower limb  
strength. Further, a variant of the chair stand test counts how many times a 
participant can rise and sit during a period of 30-seconds; with this, endurance 
is an even more crucial factor. However, in Papers II, III, and IV, the version 
of five chair stands was performed, which is also included in the Short Physi-
cal Performance Battery. Handgrip strength also has limitations and may, for 
example, be affected by hand size, hand position, and, as in every measure of 
strength, influenced by the individual’s motivation.  
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In Papers II, III, and IV, strict protocols were used; thus, for example, the 
risk of different hand position affecting the result can be considered low. UL-
SAM and SMCC use different hand dynamometers, and the results may not 
be interchangeable between instruments [278]. Guerra et al. [279] displayed 
another issue, namely that there are differences between testing in the labora-
tory compared to testing in the clinic, as dynamometers may display excellent 
results regarding their laboratory tested accuracy, but its application among 
older people may render dissonant results. However, this is not a major prob-
lem in this doctoral thesis as each cohort has only used one type of hand dy-
namometer and no comparisons are made between the cohorts. 

Sarcopenia 
During my years as a doctoral student the definition of sarcopenia has been 
revised [13]. Therefore different definitions, EWGSOP1 [23] and EWGSOP2 
[13], have been used in the papers included in this doctoral thesis. Nonethe-
less, there are still studies published defining sarcopenia solely on muscle 
mass, even though low muscle mass is not specific to sarcopenia and also not 
recognized as a unique criterion of sarcopenia [280]. In addition, there is no a 
consensus on which cut-offs or methods to use (e.g., DXA vs BIA). This also 
means that most of the studies, that have reported associations between sarco-
penia and adverse outcomes, have used different definitions. 

The new definition of sarcopenia (EWGSOP2) [13] has been questioned. 
The criticism is based on the comparison of the original definition, age-related 
loss of muscle mass, with the new definitions, using a combination of loss of 
muscle function and muscle mass, with a focus on muscle function. The main 
criticism lies in the fact that the term sarcopenia no longer describes the phe-
nomenon it originally addressed; instead, it is caught in tautological associa-
tion (i.e., the obvious being that a decrease in physical function has a strong 
association with a decrease in physical function). In this way, the fact that  
skeletal muscle is the largest metabolic organ and the largest reservoir of 
amino acids may be overlooked clinically, and may reduce the relevance of 
sarcopenia in other clinical settings (e.g., endocrinology) [281].  

The introduction of secondary sarcopenia has also been criticized for mak-
ing it possible to include the origin of muscle atrophy from other causes than 
being age-related (e.g., critical care myopathy) [282], and, as such, character-
ize relatively young people as having sarcopenia [283]. In addition, the man-
agement of secondary sarcopenia may differ from age-related muscle loss, 
which is the origin of the term sarcopenia [282]. 

In 2017, the WHO published their guidelines on interventions to manage 
declines in intrinsic capacity on a community-level, with a focus on person-
centered integrated care for older people (ICOPE) [284]. The domains of in-
trinsic capacity include, inter alia, limited mobility, measured by, for example, 
handgrip strength or gait speed. The ICOPE approach focuses on enhancing 
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intrinsic capacities and functional abilities as the key to healthy aging. Re-
garding the definition proposed by the SDOC [147], it could be questioned if 
weakness and slowness are sarcopenia or shall be referred to as a measurement 
of mobility loss or declining physical capacity. Thus, whether it should be part 
of the WHO’s concept of intrinsic capacity and ICOPE [284]. 

Different definitions render different results 
In Paper III it became clear that the different sarcopenia definitions partly cap-
ture different individuals. Of the 50 and 54 men having sarcopenia according 
to EWGSOP2 and EWGSOP1, respectively, only 33 men were defined as hav-
ing sarcopenia under both definitions. This is partly to be explained by the 
different cut-offs used, for appendicular LMI (<7.0 kg/m2 in EWGSOP2 and 
<7.26 kg/m2 in EWGSOP1) and handgrip strength (<27 kg in EWGSOP2 and 
<30 kg in EWGSOP1). However, probably mainly due to the decisive varia-
bles used: chair stand test in EWGSOP2 and the handgrip strength in 
EWGSOP1. In Paper IV, the same conclusion can be drawn. Of the 105 and 
85 women having sarcopenia according to EWGSOP2 and EWGSOP1, re-
spectively, only 64 women were defined as having sarcopenia under both def-
initions. The difference is mainly explained by the different cut-offs for hand-
grip strength (<20 kg in EWGSOP2 and <15 kg in EWGSOP1).  

A further dilemma is that the prevalence of sarcopenia in ULSAM6 was 
not affected by the choice of the EWGSOP definition (i.e., EWGSOP2 or 
EWGSOP1). This might deceive the reader to believe that the same individu-
als were defined as having sarcopenia under both definitions. Sobestiansky et 
al. [148] has reported the prevalence of sarcopenia in ULSAM6 (the same 
cohort as in Papers II and III), being 21% using EWGSOP1, compared to 20% 
using EWGSOP2. However, using the definition by the Foundation for the 
National Institutes of Health Sarcopenia Project (FNIH), only 8% were de-
fined as having sarcopenia. There was also a large discrepancy between the 
different definitions regarding who was defined as having sarcopenia. In ad-
dition, Fernandes et al. [149] concluded, in their systematic review, that the 
prevalence of sarcopenia, defined within the same populations, was lower if 
EWGSOP2 (11% having sarcopenia) was used compared to EWGSOP1 (18% 
having sarcopenia). Unfortunately, they did not comment if different individ-
uals were defined as having sarcopenia depending on which definition used. 

This indicates that the results from studies using sarcopenia as an outcome 
can be influenced by which definition is chosen, making comparisons between 
studies more difficult. This issue is displayed in Paper III, where the different 
definitions rendered somewhat dissimilar results. Further, Mayhew et al. [285] 
emphasize, in their review of 109 articles involving eight different definitions, 
the need of further development for the definition of sarcopenia, due to lack 
of agreement between the different definitions. As in all new fields of medi-
cine, it is natural that evolving evidence and new insights will affect how the 

85 



  

 
  

 
 

 
 

   
 

   
 

 
 

  

  
  

 
   

 
  

 

  
  

   

  
    

 

“new” condition is defined. The diagnostic inconsistencies and various opin-
ions on the relevance of various diagnostic criteria of sarcopenia partly reflect 
the immaturity of the topic. Thus, we may expect further diagnostic refine-
ments in the future when new data emerge. 

Confounding 
Controlling for confounding is an important part of epidemiological studies as 
confounding can increase or decrease the strength of an observed association 
between exposure and outcome, implying that the effect of the exposure is 
mixed with the effect of another variable. The classic definition of a con-
founder is that it is a variable that is associated with both exposure (dependent 
variable) and outcome (independent variable), but not found in the causal 
pathway/chain [286]. However, as described in the section on “Causal dia-
grams – Directed acyclic graphs,” this definition is not as explicit as the one 
used when drawing a DAG. When identified, these confounding factors or 
variables can be dealt with during analysis, often called controlling for or ad-
justing for confounders. Other methods to adjust for confounding, such as, 
randomization, restriction, stratification, or matching, can also be used, de-
pending on the conditions. For example, in Papers II, III, and IV, restriction 
according to certain characteristics has been used in sensitivity analyses (e.g., 
adequate energy reporters, participants with BMI above 22 kg/m2 at baseline, 
women with appendicular LMI ≤5.5 kg/m2 at baseline). 

Choice of confounders 
In Papers III and IV, a graphical presentation (DAG) of the assumed causal 
relationships between factors relevant to our research question has been used. 
This approach allows for inclusion of both observed and unobserved variables 
(described in detail in the section on “Casual diagrams – Directed acyclic 
graphs”). Due to the small population size in Paper I, no statistical analyses 
were performed including the confounding variables. Moreover, sensitivity 
analyses in the different strata were also not performed. In Paper II we did not 
use the technique of a graphical presentation (DAG) of the assumed causal 
relationships, and it is possible that the choice of confounders would have 
been somewhat different if we had chosen to use DAG. 

To study human behavior (e.g., dietary habits) is challenging due to the 
complexity and the covariation with other lifestyle factors [287] (e.g., physical 
activity, smoking). It is well-known that dietary habits, education, physical 
activity, and smoking are associated with each other [97]. For example, those 
with higher education tend to be more physically active, eat healthier, and are 
more likely to be a non-smoker, and that is one reason why these variables are 
included in our models when adjusting for confounding. In addition, both age 
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and comorbidity are associated with sarcopenia and dietary intake, and there-
fore also included. We were able to adjust for physical activity at baseline in 
Papers II–IV. The information was based on usual activity habits. Having a 
more detailed description of physical activity (e.g., differentiate between en-
durance and weight training) would have been an advantage, as there is indi-
cation that weight training is associated with sarcopenia and perhaps also with 
dietary intake (at least in a younger population). 

The direction of the arrows when drawing a DAG can be a challenge and 
is influenced by the time aspect. For example, we assume that BMI measured 
at baseline, at the same time as the dietary assessment, will influence the indi-
vidual’s dietary intake. It can, however, be assumed that if dietary consump-
tion is maintained over a longer period before and up until our dietary assess-
ment, it may influence BMI. One way to deal with that is to use two different 
adjusted models, one where BMI is included and one where BMI is not in-
cluded, as we did in Paper III. BMI is, as described above, associated with 
total lean mass and thus also associated with sarcopenia. Similarly, both Smok-
ing and Comorbidity are also affected by the time aspect, where we assume 
that a previous disease affects current smoking habits. 

Since both measured and unmeasured variables can be included in DAG, it 
was possible to include energy requirements, even though we did not have that 
information. In Paper III, we displayed in the DAG that even though we did 
not have information on energy requirements, it was dealt with by adjustment 
for other variables (BMI and physical activity, witch partially influences en-
ergy requirements). Nonetheless, even if confounding variables are controlled 
for, there may still remain residual confounding from unmeasured confound-
ing variables or due to measurement error of the confounding variables. 

However, it is not possible to rule out unmeasured and residual confound-
ing, and it is not possible to test for it either. There are methods that can be 
used to investigate how strong a connection (effect) an unmeasured con-
founder needs to have on the exposure and the outcome, to be able to explain 
the entire observed association between exposure and outcome [288]. These 
methods are outside the scope of this doctoral thesis.  

We did not evaluate nutritional status, which may affect the prevalence and 
incidence of sarcopenia, loss of muscle mass and muscle function. However, 
based on the follow-up being 12 or 16 years later and the populations being 
relatively healthy, based on the Charlson’s comorbidity scores, the baseline 
nutritional status ought to be good. 

Selection bias 
Selection bias, or bias introduced by the inclusion of individuals, because of 
nonparticipation, loss during follow up or by exclusion after data collection in 
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cohort studies, may result in biased estimates of prevalence of the outcome  
[289]. 

The “healthy participant effect” is a known selection bias, suggesting that 
when examining lifestyles, individuals with, for example, higher education 
and higher physical activity are more likely to take part in a study than those 
with less healthy lifestyles. The natural selection by increasing age, including 
loss of participants who have died and also those who are not well enough to 
participate in a clinical research study, may introduce selection bias. However, 
this selection bias probably leads to underestimation of the associations ob-
served, rather than overestimating them. Adjustment for factors influencing 
selection might reduce the bias [289], and most confounders included in our 
models are likely to influence selection too. In addition, the choice of method 
for assessment of dietary intake may also contribute to selection bias due to a 
high participant burden. This is also a challenge when designing large longi-
tudinal studies where you also are interested in a lot of different aspects of life 
(e.g., physical activity, dietary habits, smoking habits, comorbidity, and vari-
ous risk assessment connected to risk of disease). 

In addition, as mentioned before, being a participant in ULSAM or SMCC 
may be considered as a selection bias, as participants probably had  a  more  
regular medical examinations compared to the average population. 

Reverse causation 
It is challenging to examine lifestyle habits, especially in a longitudinal ap-
proach, as people may change their habits for many reasons (e.g., developing 
a disease, getting married or divorced, changes in society, and so on). Reverse 
causation usually refers to the situation in which the outcome precedes and 
causes the exposure (or how it is measured) instead of the other way around 
[290]. 

The main limitation in Paper II, III and IV is the lack of a baseline assess-
ment regarding all aspects of sarcopenia, and we cannot rule out the possibility 
of reverse causation. For example, did those with high adherence to DP2, in 
Paper III, already have sarcopenia at baseline? However, in Paper IV, we  
could exclude those with low appendicular LMI at baseline, and probably ex-
cluded individuals who did not have sarcopenia, as we did not have access to 
information on muscle function at baseline. Reverse causation may also bias 
the observed results for handgrip strength and chair stand test in Paper IV, also 
lacking baseline measurement. The cross-sectional analyses of dietary pat-
terns in relation to appendicular lean mass at baseline in Paper IV precludes a 
causal interpretation. The longitudinal approach examining change in appen-
dicular lean mass reduces the influence of reverse causation. Changes over 
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time in dietary habits and other lifestyle factors may explain the observed as-
sociations, but this is rather a question of mechanisms than influence of re-
verse causation.  

Strengths and limitations 
In nutritional epidemiology, the aim is to study diet and its influence on health 
and disease. Not only to examine the association between diet and outcome of 
interest but also to make an inference of the causality. To evaluate causality, 
sources of bias (e.g., misclassification, residual confounding) needs to be con-
sidered. Some of the strengths of observational research, and especially cohort 
studies, are the ability to assess multiple and long-term exposures as well as 
the ability to control for multiple confounders over a long period. 

By using well-established methods (e.g., DXA, a validated 7-day food rec-
ord, the EWGSOP definition of sarcopenia), well-known, pre-defined dietary 
patterns, and adjusting for relevant confounders (e.g., energy intake, BMI, 
physical activity), potential sources of bias are reduced. Another strength is 
that the measurements, in both ULSAM and SMCC, were performed using 
the same DXA machine and by the same accredited DXA X-ray nurse. How-
ever, misclassification of adherence to dietary pattern, due to bias in the rec-
orded dietary intake, may make association between diet and sarcopenia 
weaker. In addition, misclassification of self-reported physical activity leads 
to residual confounding even if associations between diet and sarcopenia are 
adjusted for physical activity. 

Misreporting of energy intake is a well-known problem and may have in-
terfered with our results, resulting in individuals being wrongly classified as 
having low or high adherence to current the dietary pattern. Nonetheless, our 
findings were rather stable in sensitivity analysis with individuals considered 
accurate energy reporters and the energy adjusted dietary intake increases the 
possibility of ranking individuals correctly. However, misclassification of 
physical activity can also lead to incorrect exclusion or inclusion of individu-
als as adequate energy reporters. 

Stability of the dietary patterns 
Adherence to dietary patterns is probably more stable than the consumption 
of single food items, and changes in consumption of single food items or food 
groups may cancel each other out when included in dietary patterns [291, 292]. 
Using a single measure of dietary intake may be seen as a limitation when 
used as a reflection of habitual dietary habits in a longitudinal approach. How-
ever, long-term stability of dietary patterns has been reported both in Swedish 
populations [293, 294] (during a period of 9 and 10 years, respectively) and 
in the Framingham Offspring/Spouse study (during a period of 8 years) [295]. 
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In addition, the dietary intake was relatively stable during the first 10 years of 
the Seven countries study [42]. Nevertheless, there are contradictory results 
that have been published. Mertens et al. [292] reported that the components of 
diet quality index (a priori DP) were more unstable compared to the total diet 
quality index (during a period of 10 years), which, in turn, was more unstable 
than physical activity level. However, in the review by the 2020 Dietary 
Guidelines Advisory Committee and Nutrition Evidence Systematic Review 
Team, a research recommendation was to assess information regarding dietary 
intake at more than one time-point, preferably during the course of follow-up 
[176]. 

Rule out the effect of single nutrients or food items 
Using dietary pattern as an approach makes it impossible to exclude that a 
single or a handful of food items are the major driving forces of our observed 
associations. However, to explore single food items was not our aim; rather, 
our focus was on the totality of diet – the dietary pattern. Examining the total-
ity of diet reflects the complexity of dietary intake and captures synergistic 
relationships between various dietary constituents. This points to the need to 
consider whether the effects are due to single nutrients within a food item, the 
food item itself, or the dietary pattern. In other words, it is difficult to examine 
the effect of a single or a handful of food items without potential influences 
of the dietary pattern. 

Additional limitations 
Another limitation is that the measurement of muscle function (i.e., chair stand 
test and handgrip strength) was performed only at the follow-up. As age-re-
lated loss of muscle function has been reported [296, 297], we cannot rule out 
that there were differences between the groups already at baseline. 

We can assume that individuals with poorest health and potentially also 
individuals with sarcopenia are among those who decline participation in the 
follow-up of this longitudinal study, introducing selection bias. However, by 
adjusting estimates for determinants of participation, such as comorbidity, we 
potentially limit the influence of selection bias on our associations [289], but 
the true incidence of sarcopenia is likely to be underestimated.  

A limitation of Papers II and III is that only men were studied, and in Paper 
IV, only women were studied. According to the literature, sex-differences for 
the impact of diet on both muscle function and physical performance might be 
present [29]. 
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Paper I 
A major strength of Paper I is the methods of data collection, especially using 
indirect calorimetry to assess resting energy expenditure (REE). Using meas-
ured values, as opposed to self-reported values, for height and body weight is 
also a strength. In addition, applying strict exclusion criteria when handling 
data from indirect calorimetry, such as a steady state of 5 minutes as a require-
ment, vouches for an accurately measured REE. 

However, Paper I is limited by the fact that only men were included and 
the sample size was too small to allow subgroup analyses. Nevertheless, there 
are only a few published studies on energy requirements in individuals >80 
years of age, with this being one of the largest studies comparing mREE with 
different predictive REE equations in octogenarian men, using both indirect 
calorimetry and DXA. 

Paper II and Paper III 
The main strengths in Paper II and III are the methods of data collection. Using 
a validated energy equation when identifying individuals reporting an unrea-
sonably low energy intake, can also be considered a strength. An even greater 
strength is the long follow-up period, which also makes these studies unique. 
A long follow-up period, covering the life span when most cases of sarcopenia 
develop, is crucial, as it takes time to develop sarcopenia [13]. However, a 
long follow-up period is also a limitation due to possible changes in dietary 
pattern and other lifestyle factors. 

Even though the participation rate in each investigation cycle in ULSAM 
is high (which is considered a strength), approximately 20% of the 1,221 men, 
who participated in the main cohort at mean age 71 years, were included in 
papers II and III, respectively. However, these men represent >40% of the total 
613 men who were invited to the sixth investigation cycle (mean age 87), in 
which 354 men participated. 

The lack of measurements of muscle mass and muscle function at baseline 
(mean age 71 years), making it impossible to exclude participants having sar-
copenia already when entering the study, is probably the greatest limitation in 
these studies. However, the prevalence of sarcopenia at age 71 can most likely 
be considered as low [151-153]. The population at hand was, according to 
reported physical activity level, fairly physically active at baseline. Still, to 
minimize the risk of including participants with loss of muscle mass due to 
illness before baseline (mean age 71 years), participants with a weight loss of 
10% or more, between age 60 and baseline, were excluded. 
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Paper IV 
The main strengths of Paper IV are the longitudinal approach, with a long  
follow-up period, the population size, and the use of valid methods, such as 
DXA and a validated FFQ. Together, this allows for the opportunity to evalu-
ate associations between dietary intake and sarcopenia and change in lean 
mass, and it reduces the risk of incorrect measurements. Assessments of die-
tary intake are prone to potential misclassification, and random errors are, to 
some extent, reduced by the population size. 

Additionally, the sensitivity analysis, as a complete case analysis, and in 
subgroups where individuals were excluded due to low appendicular lean 
mass index (LMI) at baseline (≤ 5.5 kg/m2), confirmed similar associations 
between dietary patterns and the outcomes. 

The main limitation of Paper IV is the lack of information on muscle func-
tion (i.e., chair stand test and handgrip strength) at baseline. Therefore, we 
cannot rule out that there were differences between the groups already at the 
baseline. Further, even though the study population was rather large the prev-
alence and incidence of sarcopenia were low. This may be due to a too young 
population. In addition, similar to the majority of studies that invite individu-
als to a clinical examination, a healthier and more physically active population 
could have been included, compared to the total population. Another limita-
tion is the cross-sectional design used when examining appendicular lean mass 
at baseline, as this approach makes the causality impossible to determine. 
However, this gives a picture of the population at the baseline, and is a pre-
requisite for being able to examine DPs’ effect on decrease in appendicular 
lean mass with a longitudinal approach.  

Generalizability  
Generalizability is in one way a measure of how useful the results of a study 
are for a broader group of individuals [287]. The fact that the participants are 
from a specific location in Sweden with a high proportion of well-educated 
individuals (in ULSAM 21% of the men had >13 years of education, in SMCC 
38% of the women had >12 years of education) makes the generalizability of 
the results uncertain. In addition, the fact that participants were quite healthy, 
limits the possibility of applying these findings to a frailer population. How-
ever, one should not confuse selection bias and generalizability, as these are 
not the same. Results from a selected population, which are not largely af-
fected by different biases, can be generalized to other populations but to what 
extent depends on how selected they are. Nevertheless, if there is a selection 
bias, the generalizability does not matter. 

As body composition may differ between populations, the generalizability 
of the results from Paper I is low. This, on the other hand, also applies to 
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basically all predictive equations [208], as they are often based on anthropo-
metric variables (e.g., height and body weight) and therefore population spe-
cific. 

A posteriori dietary patterns are based on data at hand, and therefore also 
population specific. However, since a priori dietary pattern is based on me-
dian intake and adherence to dietary pattern only ranks the participants in re-
lations to each other, the generalizability of the results from Paper II and from 
the mMED used in Paper IV is good, even though they are population specific. 
Nevertheless, it is crucial that the dietary pattern in the new population, in that 
case, is based on the same cut-offs as in the previous population. 

Nonetheless, it is not unreasonable to believe that a high adherence to a 
certain dietary pattern in one population would give the same result in a dif-
ferent population [298]. The challenge is rather the cultural influence in terms 
of dietary habits and the challenge of copying a dietary pattern from one pop-
ulation and duplicate it in another. As described above, a high intake of leg-
umes (i.e., peas) may be associated with pancakes in Sweden, but most prob-
ably not in Italy, making the international generalizability difficult. 

Ethical considerations 
The ULSAM cohort study has been ongoing since 1970. During these 50 
years, there have been some changes regarding the requirements for ethical 
approval for research. For example, even though the ethical review boards 
were established in the 1970s, an application for an ethical approval was not 
mandatory. However, in this doctoral thesis, only investigation cycles with 
ethical approval are used. 

To record dietary intake, measure physical function and examine health 
status may be perceived as an intrusion of integrity. However, as only coded 
data have been used and only authorized persons have access to the code key, 
the risk of disclosing a participant’s identity is considered low. In addition, 
being a participant in ULSAM or SMCC may be seen as an advantage, as any 
signs of disease or cognitive impairment were referred to the usual health care 
for further examination. This may even be seen as a “healthy participant bias” 
as the participants probably had a more regular medical examination com-
pared to the average population. 

All measurements and methods used to collect information entailed a low 
risk for the participant and were performed by certified and experienced per-
sonnel. The dose of ionizing radiation to which the participant was exposed to 
during DXA is similar to the normal background radiation received over one 
day at sea level and considered very small [117]. 

An advantage of longitudinal cohort studies is the ability to apply several 
different research questions to data already collected. The data from ULSAM 
and SMCC have been used in a large number of studies involving various 
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kinds of diseases. Using already collected data may be an advantage, as there 
is an opportunity to increase knowledge without causing additional strain on 
the participants. 

Even though advice on dietary intake perhaps does not pose a danger, an 
important concept in medical ethics is autonomy, which correspond to the re-
quirement to protect self-determination. According to this principle, everyone 
should have the right to decide over their own life in accordance with their 
own perception of what constitutes a good life. As a result, there may be some 
controversy about what the individual wishes to eat and what he or she is rec-
ommended to eat. Even the individual's perception of what healthy food stands 
for may deviate from what the researchers consider as being healthy. For ex-
ample, the suggestion of protein supplements to help prevent sarcopenia has 
been reported to conflict with participants’ idea of healthy food [299]. How-
ever, ethical issues, such as the individual autonomy, the burden on personal 
responsibility, and the stigmatization of individuals who would not comply 
with dietary recommendations, have started to be addressed in research [300]. 
However, in the studies included in this doctoral thesis, participants have only 
been asked to report what they eat (ULSAM) or what they usually eat 
(SMCC), and no interventions have been carried out to influence the individ-
uals in any direction on how they would or should eat.  

Medicalization 
Medicalization refers to the process in which conditions and behaviors, which 
basically are not of medical character, are defined and treated as medical is-
sues [301]. Medicalization refers to the consequences of defining more and 
more aspects of life in relation to something that can be diagnosticated in the 
medical field but does not necessarily have to be linked to increased medica-
tion [301, 302]. 

Even though aging is inevitable, the concept of healthy aging highlights 
that the rate of impairment differs among individuals and is modifiable [303, 
304]. By studying the factors that accelerate or delay the aging process, re-
search has, for decades, explored the possibilities of promoting a healthier and 
longer life [299]. Studies have also reported that negative aging perceptions 
(e.g., expectations on aging and the process of getting older) predict the onset 
of depression and anxiety among older people [305]. However, scientific 
knowledge is never produced in a cultural or political vacuum [299]. Several 
health reports and studies call for solutions to address the socio-economic 
challenges resulting from an aging population [303, 304, 306]. The European 
Commission has stated that the expected decline of the population of working-
age will reduce long-term economic growth, and the public expenditure on 
health care and long-term care is expected to increase. This is to be counter-
acted by, among other things, increasing the retirement age by, for example, 
avoiding early exit from the labor market and promoting active and healthy 
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aging [306]. However, medicalization also contributes to the rising costs of 
healthcare [301]. 

As stated by Green et al. [299], “Science not only offers solutions to a prede-
fined societal problem but also contributes to the framing of aging as a health prob-
lem.” This points to a risk that aging itself will be classified as a disease [299]. 
This has, in one way, already been claimed in an Editorial in The Lancet Dia-
betes & Endocrinology, with the title “Opening the door to treating aging as a 
disease” [307], stating that it is increasingly relevant to recognize aging as a 
disease that can be treated. This, of course, raises many questions, of which 
one is: at what age do we define age as a disease? However, the concepts of 
active and healthy aging also imply increased responsibility for the individual 
and possible stigmatization of “passive” or “unhealthy” lifestyles as a failure 
to age well [308, 309]. 

The main focus of this doctoral thesis is the combination of age-related loss 
of muscle function and muscle mass – sarcopenia. This has been classified as 
a disease since a few years back. However, as displayed in Papers III and IV, 
and in other studies [148, 149], there are differences in who is defined as hav-
ing sarcopenia, depending on which definition is being used. This also high-
lights that there is some uncertainty as to when the loss of muscle function and 
muscle mass has reached a degree that can be considered a health issue, or 
disease. A parable can be made with the growing skepticism towards screen-
ing examinations and an increasing number of screening methods for various 
diseases. Much of the criticism stems from the fact that the advantages and 
disadvantages of screening can be different in different areas. Ideally, screen-
ing leads to early treatment and avoidance of suffering; however, others may 
undergo extensive treatments completely unnecessarily. 

A question that arises is whether it is the symptoms or the disease that 
should be treated. Is it sarcopenia (symptoms of aging, but also classified as a 
disease) or aging itself that should be prevented? The individual’s functional 
ability does not depend solely on the individual’s capacity, but rather on the 
combination and the interaction with the environment. For example, a person, 
who is diagnosed as having sarcopenia may still have the mobility they need 
if they, for example, use an assistive device or live close to public transport. 
Another person, also diagnosed as having sarcopenia, with the same physical 
limitation but who lives in less enabling environments may experience more 
limitation.  

It may not have a direct impact on their daily lives, but their condition is 
still medicalized.  
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Conclusions 

Paper I 
Paper I displayed the difficulty in choosing a valid equation when estimating 
energy expenditure, which is in line with previously reported results. As the 
equations produces divergent results, both at the individual level and at the 
population level, validation of the equation in the study populations is of great 
importance. These results can also be interpreted as though indirect calorime-
try is the only choice to be able to accurately determine resting energy ex-
penditure in this population. 

Papers II and III 
In Papers II and III, adherence to a dietary pattern, mainly, characterized by a 
higher intake of fruits, vegetables, poultry or fish, rice, and pasta was associ-
ated with a lower prevalence of sarcopenia. The fact that these results were 
robust after adjusting for known confounding factors (e.g., physical activity), 
and that we could replicate these findings using two different approaches 
when defining dietary pattern, is a strength of this thesis. However, there were 
no clear associations between adherence to the DPs and muscle function or 
muscle mass. 

Paper IV 
In Paper IV, prevalence of sarcopenia was low and associations between de-
fined dietary patterns did not display any clear associations. However, a die-
tary pattern mainly characterized by a higher intake of fruit/berries, nuts, 
grains, whole grain bread, poultry, fatty fish, fermented milk, and sauce, and 
a low consumption of white bread and sodas was associated with a higher 
appendicular LMI at baseline, stronger handgrip at follow-up, and faster chair 
stand test performance. These results were also robust after adjusting for 
known confounding factors. These dietary characteristics may be considered 
as preventive for sarcopenia, which, however, must be confirmed in other 
studies. 
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The doctoral thesis 
This doctoral thesis contributes to the limited information on energy expendi-
ture in a population of community dwelling older Swedish men. It also adds 
important information on the role of dietary pattern as a decisive factor for 
future risk of developing sarcopenia. Nonetheless, because we did not have 
information on sarcopenia at baseline, we cannot preclude the possibility of 
reverse causation. Even though, Paper II has contributed, and Papers III and 
IV will contribute, there is still a need for more research in the field of diet 
and sarcopenia. 
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Clinical implications 

Altogether this thesis contributes with important information that can be ap-
plicable, both in research, public health, clinical practice, and in the hospital 
wards. 

Energy expenditure 
When it comes to energy expenditure there is probably a need to develop an 
equation that is specific to the study population to be able to calculate resting 
energy expenditure accurately enough. In a research setting the doubly labeled 
water may be used, however, due to the cost and the comprehensive procedure 
surrounding the method itself, it can probably only be performed in a limited 
number of participants. Do not get fooled by the information you receive, 
above all when using estimated resting energy expenditure, to decide on ade-
quate energy reporters to deal with misreporting of dietary intake. If an accu-
rate energy expenditure is of interest, it should be measured using, for exam-
ple, indirect calorimetry, rather than being estimated. This method has good 
validity and can be measured by not very expensive and portable machines. 
Measuring energy expenditure is also a step in the right direction in terms of 
individualized treatment, as energy expenditure in the current situation, at the 
hospital wards, is usually estimated on the basis of a fixed factor (e.g., 25 
kcal/kg of body weight).  

Diet and sarcopenia 
Based on the results from Papers II, III, and IV, there is no increased risk of 
sarcopenia with a high adherence to either mMDS in Paper II, DP2 in Paper 
III, or the healthy DP in Paper IV. Rather, these DPs were beneficial in terms 
of muscle function, muscle mass, and sarcopenia. Although I have argued 
strongly that the totality of the diet is significant, the main characteristics of 
these dietary patterns are comparable to a diet considered to reduce the risk of 
cardiovascular disease, type II diabetes mellitus, certain types of cancer, and 
obesity. Therefore, a reasonable question is: does it matter if the results in  
Papers II, III, and IV did not display statistically significant associations re-
garding the effects of a dietary pattern, mainly characterized by fruits, vege-
tables, poultry, rice, and pasta, on the development of sarcopenia? Consider-
ing that these DPs are not associated with a higher prevalence of sarcopenia, 
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the answer is probably that it does not matter, if you respond from a public 
health perspective and consider other health aspects.  

Even if this doctoral thesis does not have sufficient evidence, it is possible 
to make the general recommendation, to healthy community dwelling older 
people, that various dietary patterns with the common feature that they may 
be considered a healthy choice, may also be of importance for muscle func-
tion, muscle mass, and sarcopenia. 
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Implications for future research 

This doctoral thesis is another brick in the wall, and the papers included have 
expanded the knowledge concerning diet and sarcopenia. There is, however, 
still a need for studies with both well-defined protocols and populations, using 
a longitudinal approach with a reasonable follow-up period, to further eluci-
date the role of diet in the prevention of sarcopenia. As displayed in Papers III 
and IV, the definition used when defining sarcopenia renders some difference 
in individuals defined as having sarcopenia. It is thus of utmost importance 
that the choice of the definition is considered when new studies are planned, 
and that studies that are published base their definition of sarcopenia on the 
combination of low muscle function and low muscle mass. 

How to change people’s dietary pattern? 
Since all studies included in this doctoral thesis are observational studies, no 
conclusions can be drawn as to whether it is feasible to, and how to, get indi-
viduals to change their dietary habits. However, as reported by Samuelsson et 
al. [310], there are secular trends in dietary pattern with a reported higher in-
take of, for example, fruits and vegetables over the last five decades in Swe-
dish men and women who are 70-year-old. It would also be of interest to ex-
plore what determines an individual’s dietary pattern. Which mechanisms are 
important, and, for example, how much influence do our dietary habits in 
childhood have on our dietary habits later in life? 

Interactions between dietary patterns and protein 
As displayed in Paper III, it is interesting that the dietary patterns differed with 
respect to food groups, but not in nutrient intake (depending on how they are 
reported). For example, protein intakes expressed as percent of energy (E%) 
and reported as average intake, did not differ. However, in Paper III the size 
of the study population was too small to investigate how protein intake inter-
acts within each stratum (i.e., low, medium, and high adherence to each die-
tary pattern). This approach may lead to further understanding of how and if 
protein intake has a role in the prevention of sarcopenia and if the totality of 
the diet is more important than the protein intake or the protein quality of spe-
cific food items. 
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Interactions between dietary pattern and physical activity 
It would also have been of interest to further explore and understand the sig-
nificance of physical activity in relation to dietary patterns. For example, does 
physical activity have different effects, depending on adherence to a dietary 
pattern? To be able to explore this, detailed information on physical activity 
is needed, something that is lacking in both ULSAM and SMCC. Perhaps 
above all, the study populations (both ULSAM and SMCC) have been too 
small to be able to further divide into groups. 
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