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Introduction

The adipose mass can expand, by fi ll ing pre-exist ing fat  
cells with more lipids, by generat ion of new fat  cells through 
adipogenesis or both. In humans there is cont inuous 
generat ion of new fat  during the whole life span. Adipocyte 
progenitor cells such as pre-adipocytes or mesenchymal 
stem cells in adipose t issue can be dif ferent iated to fat  
cells. There is both apoptosis and phagocytosis of fat  cells 
in adult  human adipose t issue. Stable isotopes that  are 
given orally are incorporated into DNA of human fat  cells. 
These data together indirect ly speak for important  turnover 
of human fat  cells. A method to measure the age of fat  cells 
in humans was recent ly developed by ut il izing the 
incorporat ion of atmospheric 14C into the DNA of fat  cells. 
With the aid of this method it  is possible to direct ly study 
adipocyte human in vivo. About  10% of the total fat  cell 
pool is renewed every year due to constant  generat ion of 
new fat  cells in adults. This product ion is counterbalanced 
by an equal rate of fat  cell death keeping the total amount  
of fat  cells constant  overt ime in adulthood even after 
marked body weight  reduct ion. The turnover process is 
two-fold accelerated among obese subj ects in spite of the 
same relat ive death rate of old fat  cells as lean subj ects. It  
is possible that  marked ongoing adipogenesis in adult  
humans is not  only important  all factor for weight  gain and 
diffi cult ies in retaining weight  loss after slimming. It  may 
also have implicat ion for the cellularity of adipose t issue. 
Subj ects with adipose hyperplasia (few large fat  cells) are 
more at  risk of developing metabolic syndrome, 
cardiovascular disease and type 2 diabetes than those with 
many small adipocytes (adipose hyperplasia). 

Background

The total mass of adipose t issue varies in subj ects from 10-
20 kilo in the normal state to several hundred kilos in 
subj ects with severe obesity. The adipose mass can be 
reduced from excessive obesity to normal a few years after 
bariat ric surgery. How is this plast icity of adipose t issue 
possible? The adipose t issue mass can expand in two 
dif ferent  ways1.  Pre-exist ing fat  cells can accumulate more 
lipids so the volume of the cells increases. Alternat ively, 
new fat  cells are made from progenitor cells in the st roma 
of adipose t issue such as mesenchymal cells or already 
commit ted precursor cells (pre-adipocytes). Adipogenesis 
has previously been diffi cult  to measure in vivo due to lack 
of adequate methods. It  became possible to get  some 
informat ion during in the 1970’s because of the int roduct ion 
of measurements of the lipid weight  of the fat  cells2.  By 
dividing the total fat  mass in the body by the average weight  
of fat  cells in the body it  is, thus possible, to obtain a robust  
measurement  of how many fat  cells there are in the body. 

Thanks to development  in methodology the last  decade 
we have get  a much bet ter insight  in human adipogenesis. 
Preadipocytes cells from the adipose t issue can be isolated, 
proliferated and dif ferent iated into fat  cells and this 
dif ferent iat ion of adipocyte progenitor cells is infl uenced 
by the body weight  status of the donor3.  Using chemical 
methods to assess cell survival there is evidence of ongoing 
apoptosis and cell death in human adipose t issue4,5.  Subj ects 
can be given stable isotopes orally. Thereafter fat  cells are 
isolated from the t issue to study if  the stable isotopes are 
incorporated into the DNA of the fat  cells6.  These cells can 
only incorporate the isotope into it s DNA during ongoing cell 
division. Such studies do demonst rate isotope incorporat ion 
into adipocyte DNA in vivo. The studies reviewed above E-mail :  peter.arner@ki.se
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indicate that  there is indeed ongoing adipogenesis and fat  
cell death in adult  humans. However, the invest igat ions do 
not  allow quant ifact ion the dif ferent  aspects of adipocyte 
turnover such as the generat ion rate of new fat  cells and 
the death rate of already exist ing fat  cells. 

Measurement of fat cell age in vivo 

It  is now possible to accurately determine the age of living 
cells in humans by ut il izing the incorporat ion of radioact ivity 
from the atmosphere into the DNA of the brain cells7.  The 
1950’s extensive atomic bomb tests generated a marked 
increase in the 14C content  of the atmosphere. After stopping 
the bomb test  the fall in atmospheric content  of 14C is 
exponent ial during the last  decease which creates 
equilibrium of radioact ivity between the atmosphere and in 
living organisms on earth. Fish, cat t le crop and the grass all 
contain 14C. Therefore all what  we eat  will contain 14C. By 
measuring 14C in cell DNA and set t ing it  in relat ion to the 
dynamic changes in atmospheric 14C content  before and at  
t ime of sampling mathemat ical methods can assess the 
actual age of the cell.  If  cell age is younger than the subj ects 
age there is an ongoing format ion of new cells. A person 
who is born before bomb test ing and has adipocytes (or 
other cells) containing 14C must  have been generated these 
cells at  later stages in life. Persons who are born when 
atmospheric 14C content  was high but  their adipocyte cell 
DNA contains 14C in amounts corresponding to the current  
lower atmospheric radioact ive content  have lost  cells during 
the period from birth to current  test ing. 

Estimation of the turnover of fat cell in humans 

We adopted the above described 14C method to determine age 
of living human fat  cells8. Adipose t issue is a heterogenous 
organ. About 50% of the cell content  is composed of non-
adipocytes with a large capacity for cell division. The purity 
of the sample has to be > 95% of the total invest igated cell 
populat ion in order to be sure that  contaminat ing cells do not  
contribute important ly to the measurements of radioact ive 
DNA7. We developed a select ion process that  yielded at  least  
98% purity of the isolated fat  cell preparat ion. By measuring 
14C content  in the isolated DNA of these fat  cells we detected 
signifi cant  amounts of radioact ivity in all samples tested 
irrespect ive of age. In both lean and obese the mean fat  cell 
age was about 10 years although the subjects were on average 
about 40 years old. This suggested that  there is a marked 
generat ion of new fat  cells per year and we found that  about  
10% of the cells are renewed every year. This means that  after 
10 year about half of all the adipocytes in the body are 
renewed whether you are obese or not . 

 Through mathemat ical modelling of 14C in adipocyte DNA 
we determined the generat ion of new fat  cells per year, the 
relat ive cell death of the fat  cells and the age of fat  cells8.  
Together these measures can be used to est imate adipocyte 
turnover in vivo. Mean fat  cell age and death rate were not  
infl uenced by obesity. However, the generat ion rate of fat  
cell (new cells produced per year) was twice as high in 
obesity as compared to leanness, suggest ing that  obese 

subj ects have an increased turnover rate of fat  cells. Their 
bodies make twice as many new fat  cells per year as the 
bodies of lean but  at  the same t ime twice as many of the 
old fat  cells are dying per year in the total body of obese as 
compared to the lean. 

We also invest igated adipocyte turnover overt ime8 in a 
large cohort  of children and adults8.  The data are depicted 
in fi gure 1. When the same obese subj ects was studied 
before and after marked weight  reduct ion, the weight  loss 
was accompanied by a marked decrease of fat  cell volume 
but  no change in fat  cell number. Cross-sect ional comparison 
of fat  cell number between age bins, start ing from early 
infancy up to late 70’s revealed potent ially important  
dif ferences between lean and obese. In non obese subj ects 
the generat ion of new fat  cells starts at  about  5 years of 
age, the product ion rate accelerates unt il about  19 years of 
age and thereafter the rate is constant  onwards in life. In 
obese subj ects the format ion of new fat  cells starts earlier, 
at  about  2 years of age, accelerates unt il about  16 years 
(thus earlier than in lean) and thereafter the generat ion 
rate is constant  throughout  adult  ages. Thus, the sensit ive 
period in life for establishing adipocyte turnover is during 
infancy/ early adolescence and this period is prolonged in 
the obese. Once the adult  age is reached the total number 
of fat  cells in the body is constant  in spite of ageing and 
weight  loss. Recent ly we found that  also weight  loss due to 
cancer cachexia is accompanied by a decrease in fat  cell 
volume although total fat  cell number is not  changed9.  
Together these data suggest  that  the total fat  cell number 
in the body is under t ight  cont rol due to the precise balance 
between the generat ion and dying of fat  cells. 

Clinical implications of adipogenesis 

The fi nding that  adipocyte turnover is very dynamic in adult  
man although the body keeps the total number of fat  cells 
fi xed in adulthood has potent ial implicat ions for the 
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Figure 1 Turnover of fat  cells in lean or obese humans overt i-
me. Data adopted from reference 7. 



Turnover of human adipocytes. Mechanisms and clinical consequences  41

development  of obesity and the ability to maintain a lower 
body weight  after slimming. The prevalence of obesity is 
increasing markedly in most  count ries, even in less developed 
ones10.  The mechanisms behind this “ obesity epidemic”  are 
not  known but  probably linked to changes in life style. 
Ongoing marked adipogenesis may also cont ribute since new 
small fat  cells may be more biologically act ive than old large 
ones and have a prominent  ability to rapidly fi ll up with 
lipids. Evidence for the lat ter theory has been generated by 
comparing the funct ion and gene expression of small and 
large fat  cells from the same subj ect 11,12.  The new fat  cells 
generated during weight  reduct ion may be more prone to fi ll 
up with lipids than pre-exist ing fat  cells which would 
facilitate weight  gain after stopping the obesity therapy. 
Indeed, post  obese subj ects have smaller fat  cells than never 
obese subj ects with the same body weight 13.

While the amount  and the dist ribut ion of adipose t issue 
are associated with type 2 diabetes, metabolic syndrome 
and cardiovascular risk14,  the size of fat  cell within the 
adipose t issue is also important 15.  Increased fat  cell size 
correlates with serum insulin and t riglyceride concent rat ions, 
with whole body insulin resistance and with increased risk 
of developing type 2 diabetes. The subj ects with few large 
fat  cells (adipose hypert rophy) are more at  risk than those 
with the same degree of fat  mass but  have many small fat  
cells (adipose hyperplasia). 

The mechanisms responsible for development  of dif ferent  
from of adipose cellularity are now known, however, fat  
cell turnover may be involved. We are current ly invest igat ing 
adipocyte turnover in subj ects with adipose hyperplasia or 
hypert rophy using our described 14C method and are set t ing 
this in relat ion to the clinical profi le in an invest igat ion on 
about  1,000 subj ects with available data on fat  cell size and 
number. 

Conclusions

There is marked generat ion of new fat  cells in adult  l ife. 
This is accelerated in subj ects with j uvenile onset  obesity. 
However, the absolute turnover rate of fat  cells is constant  
in adulthood irrespect ive of age and body weight  and is not  
infl uenced by slimming. Adipogenesis could be an addit ional 

important  factor (besides genet ics, caloric intake and 
physical act ivity) in the development  of obesity, for weight  
gain after stopping ant iobesity therapies and for developing 
dif ferent  forms of adipose cellularity (Fig. 2). Adipose 
hypert rophy (few large fat  cells) is pernicious because it  is 
associates with metabolic syndrome, cardiovascular risk 
and type 2 diabetes. 
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