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This review article describes the scientific evidence for the relationship between birth weight and insulin resist-
ance. Most studies demonstrate that low birth weight is closely connected to insulin resistance and later development 
of diabetes type II in adulthood. For this reason it is important for clinicians to focus on the personal history of the 
patient’s birth weight. In patients with low birth weight, primary measures should be taken to prevent the development 
or progress of insulin resistance, and late consequences like diabetes and atherosclerotic complications.

INTRODUCTION

Insulin resistance is an important phenomenon in 
relation to obesity, diabetes type II and the metabolic 
syndrome. The metabolic syndrome includes clinical, 
biochemical and humoral deviations linked to a primary 
defect which is insulin resistance. It is a disease with high 
prevalence, estimated to be 25–30 % in the adult popu-
lation and 50 % in the elderly. For this reason, clearly 
defined basic mechanisms and pathogenesis of insulin 
resistance development, as well as main risk factors of 
further progress, are essential27.

The term insensitivity to insulin or insulin resistance, 
was first used in 1939, when Himsworth and Kerr charac-
terised two types of diabetes9. However decisive evidence 
for insulin resistance participation in the development of 
diabetes type II, atherosclerosis or hypertension has come 
up with Stout’s demonstration of a relationship between 
insulin and atherogenesis at the end of the 1960s and 
discovery of a test for insulin sensitivity using euglycemic 
hyperinsulin clamp. Reduced biological response is not 
only an indication of insulin action in metabolic proc-
esses, that is changes in glucose utilisation and protein 
and lipid metabolism, but also for other insulin actions 
like growth and differentiation in tissue defects, DNA syn-
thesis and gene transcription regulation.

Impairment of insulin sensitivity is mainly determined 
by glucose concentration in the blood which is enhanced, 
subsequent hyperglycaemia is followed by excessive secre-
tion of insulin by the beta cells of Pancreatic Islets, lead-
ing to hyperinsulinaemia. Tissue intake and utilisation 
of glucose defect is the most studied aspect of insulin 
resistance.

Insulin resistance is a condition, where insulin is not 
able to ensure adequate peripheral tissue glucose utilisa-
tion, especially in the muscles and liver3. It is connected 
with the impairment of transmission – transduction of 
the insulin signal to cells, that is with insulin receptors 

and postreceptor actions inside the cell. There is a glu-
cose transport and phosphorylation failure mainly in 
muscle cells and reduction in glycogen stores in the mus-
cles and liver. This is due to both primary genetic factors 
and secondary factors connected with the environmental 
influence. One genetic factor is rare protein mutations 
at different levels of the insulin transduction cascade, 
leading to extreme hyperinsulinaemia. The prevalence of 
syndromes like acanthosis nigricans, leprechaunismus or 
Rabson-Mendehall syndrome is rare in the Czech Repub-
lic and their epidemiological importance negligible. More 
often and more important is insulin resistance, where 
more genes play a role and postreceptor processes are 
affected. Due to genetic polymorphism there is a mass oc-
currence of insulin resistance. Many variants with demon-
strated predisposition untill clinical manifestation exists, 
and importance of external factors like nutrition, lifestyle 
etc., influencing changes from predisposition to clinical 
stages, are increasing.

There is a range of transduction inhibitors of insulin 
signal – TNFalfa, leptin, Plasminogen activator inhibitor 
(PAI-1), transport proteins of lipids, resistin and others 
known today. Their effect is connected with inhibition of 
peroxisome proliferator-activated receptors (PPARgama) 
which activate specific fat tissue genes coding regulatory 
proteins in fat cells metabolism and ensuring control of 
triacylglycerol (TAG) production from fatty acids and glu-
cose homeostasis. All these factors mutually influence 
and decrease insulin sensitivity by either direct effect on 
the insulin signal cascade or indirectly through mutual 
linkage and metabolic effects. Many of these factors are 
created in abdominal and visceral fat tissue and in case 
of obesity is increasingly washed out. This may explain 
the close relationship between obesity and insulin resist-
ance. Obesity not only causes insulin resistance by in-
creasing formation of the agents mentioned above, but 
also in the opposite, increased formation of those agents 
may be a reason for insulin resistance leading to changes 
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in fat metabolism including obesity18. It indicates a close 
connection between weight of the individual and insulin 
resistance. Fetal malnutrition and subsequent low birth 
weight is an interesting phenomenon, connected with the 
problem of insulin resistance, diabetes type II and meta-
bolic syndrome.

LOW BIRTH WEIGHT 
– A RISK FACTOR OF INSULIN RESISTANCE

Growth of the human body is rightful process under 
physiological conditions. Growth patterns are the result 
of complex system of their control. The growth harmony 
consists in complicated regulation of the growth process. 
Each tissue is just necessary amount in a given time and 
its differentiation is accomplished in a particular time to 
be able to start function in the organism. Growth is a re-
sult of complex integration of genetic and environmental 
factors like adequate nutrition, which are necessary for 
physiological growth and development17. Malnutrition is 
a risk factor in every phase of the growth but mainly in 
prenatal and postnatal period. If there is a nutrition depri-
vation exposure of the foetus, regardless of the origin, de-
velopment and persistence of adaptation mechanisms in 
a postnatal period is tax for malnutrition. Prenatal physi-
ological growth rate and length is the same for human 
body within decades, contrary to postnatal growth rate, 
which is quicker. Reasons for this change are combination 
of genetic factors, better nutrition and elimination of im-
portant diseases of childhood, so that current generation 
may fully realise hereditary growth and development po-
tential. In a recent decades there are changes in prenatal 
development in terms of perinatal mortality decrease and 
ability of neonatology to ensure foetus survival even with 
low weight and low gestational age. Individuals with low 
birth weight whose number is increasing in a population 
are suitable for research how their organism is adapted 
to unfavourable development conditions and subsequent 
occurrence of certain diseases.

The first relationship between the low birth weight and 
disease was described in coronary heart disease, and the 
Barker hypothesis was formulated saying, that the origin 
of some diseases in adulthood may be in foetal life. The 
hypothesis is based on the epidemiological observation 
of foetal malnutrition and morbidity in the adulthood. 
Low birth weight and coronary heart disease was discov-
ered first and then similar and even closer connection 
was found in low birth weight and second-type diabetes 
and insulin resistance in the adulthood. In spite of Bark-
er’s hypothesis criticism, many epidemiological studies 
provide sufficient evidence for considering consequences 
for individuals with this potential risk factor4. Low birth 
weight and low gestational age may be considered as a po-
tential risk factor for both subsequent disease and a reason 
for prevention of behavioural risk factors like smoking, 
wrong nutrition, physical inactivity and others. On the 
other hand every physician when taking care of patients, 

should also ask about the intrauterine development and 
information regarding birth of the patients.

DISCUSSION

There are several epidemiological studies dealing with 
the relationship between the low birth weight and prob-
ability of diabetes development.

In the study performed in Hertfordshire, Great Brit-
ain, 408 males in the age of 59–70 were investigated for 
glucose tolerance test. At the same time, birth weight was 
ascertained and linear inversion correlation between the 
glucose intolerance and birth weight was found. Preva-
lence of glucose intolerance was 14 % in two highest 
categories of birth weight and 36 % in two lowest ones. 
If body mass index (BMI) was taken into consideration, 
the relationship was even stronger and the odds ratio for 
prevalence in the highest category in comparison with the 
lowest category of birth weight was 6.6 (ref.22).

 In Uppsala, Sweden, glucose tolerance test was 
performed in males of age 50, born in 1920–1924. In 
their sixtieth, after 10 years, test was repeated and results 
compared with their birth weight ascertained in the years 
1970–1973. Gradual increase of diabetes prevalence in 
the age 60 was found, dependent on the decreasing birth 
weight. This relationship was statistically significant when 
BMI was used as a complementary variable only. There 
were a strong relationship found between diabetes and 
low ponderal index. In the lowest ponderal index quintile 
three times more prevalence of diabetes was found then 
in other quintiles.

In Preston, Great Britain, glucose tolerance test was 
performed in 266 males and females in the age of 50 and 
results compared with birth weight. Linear inverse cor-
relation was found and similar relationship was found for 
ponderal index22.

In the USA in the “Health professionals Follow-up 
Study”, frequency of diabetes was compared with birth 
weight in the group of 22693 males with average age 61. 
Odds ratio for diabetes was 1.9 in the lowest category 
of birth weight in comparison with the average birth 
weight22.

In the USA in Pima Indians, birth weight was ascer-
tained in 1179 individuals in the period of 1965–1972 
and in their age of 20–39 was compared with prevalence 
of diabetes. Relationship of “U” shape was found, that 
means increased prevalence of diabetes in subjects with 
birth weight either lower than 2.5 kg or higher than 4.5 kg 
only. Odds ratio for diabetes was 3.8 in the lowest birth 
weight compared to normal birth weight15.

In the Institute of Preventive medicine in Oslo, Nor-
way, a study dealing with the relationship of birth weight, 
gestational age and first-type diabetes was performed. 
Data were obtained from the Birth Registry and Chil-
dren Diabetes Registry in Norway. All individuals born in 
1974–1998, that is 1 382 602 subjects were followed-up in 
1989–1998. The incidence of diabetes increases linearly 
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with birth weight. The highest rate was found in birth 
weight 4–4.5 kg compare to birth weight 2.0 kg (95 % CI 
2.5–3.9). No significant association between gestational 
age and diabetes was found22.

Range of other studies confirmed hypothesis, that peo-
ple born “small” are in the higher risk of diabetes in their 
adulthood. All studies more or less found this relation-
ship but none of them disprove it. In some studies, other 
dimensions of newborns were evaluated and it seems that 
not only birth weight but also other dimensions may be 
connected with diabetes. In Preston’s study big head cir-
cumference and big placenta compared to the size of the 
foetus, were found as a risk factor for the future develop-
ment of diabetes. Another result from this study identi-
fies the birth weight association with insulin resistance. 
Individuals with low birth weight suffered with insulin 
resistance in adulthood and this was increasing with the 
increased BMI. So that to be “lean” in birth or in adult-
hood has just the opposite effect on insulin resistance. 
Individuals small in birth and obese in adulthood are the 
most resistant to insulin.

Mechanisms, which could explain relationship be-
tween foetal growth and insulin resistance and later dia-
betes, have not been clearly discovered. It may be due to 
specific gene for insulin resistance both in the foetus and 
in adult person as well. Insulin has central role in foetal 
growth ensuring the speed of the growth according to 
supply of nutrients. McCance’s theory is saying that genes 
predisposing to insulin resistance and diabetes in adult-
hood enable survival of foetus in uterus under condition 
of malnutrition. This is the explanation for “small” chil-
dren becoming insulin resistant when being adults – the 
hypothesis of “small children survival”. But apart of ge-
netic factors, there is an intrauterine environment, which 
may be responsible for birth weight. Penrose summarised 
that birth weight is influenced from 62 % by intrauterine 
environment, from 20 % by parent’s genes and from 18 % 
by foetus own genes21.

Animal experiments prove that insufficient nutrition 
may impair foetal growth and influence structure and 
physiology of different organs and tissues. Reduction 
of nutrients intake by ligating unilateral uterus artery in 
guinea pigs or low protein diet within pregnancy in rats 
are examples, when those stimuli, if acting in the critical 
point of the organism development, may have a lifelong 
effect.

Connection of low birth weight and insulin resistance 
or diabetes in adulthood may be a result of foetal malnu-
trition due to poor nutritional reserves of mother, not 
adequate flow of the blood in uterus or destruction of 
nutrients in the placenta. Malnutrition then directly acts 
on insulin sensitive tissues like liver, skeletal muscles or 
pancreas and function its beta cells.

Foetus and placenta are autonomous from endo-
crinological point of view. As an answer to malnutrition, 
foetus decreases insulin secretion and increases levels of 
some hormones in order to adjust foetus and placental 
metabolism for maximal utilisation of available nutrients, 
allocation of blood supply and alteration of growth speed. 

Levels of adrenaline and cortisol in particular are increas-
ing, both having hyperglycaemic effect and at the same 
time levels of other hormones and growth factors are de-
creasing. All hormones have exactly programmed func-
tions and target effects in specific periods of development 
and their impairment may cause defect in physiological 
functions for the whole life12.

Hypothalamus-hypophisis axis activity may slow down 
foetal growth. Stimulation of its function in rats leads 
to very high levels of plasma cortisol, which slow down 
rat growth and rats become permanently intolerant to 
glucose. Analogically permanently programmed higher 
activity of hypothalamus-hypophisis axis may help to ex-
plain pathogenesis of insulin resistance and connect low 
birth weight with insulin resistance and diabetes type II. 
Slow foetal growth may also lead to small muscle mass 
and impairment of physiology of skeletal muscles as one 
of the most important sites of insulin action11.

Another question, which is disputable is whether in 
relationship between low birth weight and diabetes type II 
has decisive role rather insulin resistance or defect in 
insulin secretion. Another question is whether in those 
impairments genetic or environmental factors especially 
malnutrition prevail. Most authors support hypothesis of 
low birth weight or low ponderal index being associated 
with insulin resistance and subsequent risk of diabetes 
type II. But in all cases there is a common understanding, 
that whatever mechanism is between low birth weight and 
diabetes, obesity and its control is the most important 
preventive factor in such risky individuals.

CONCLUSION

Low birth weight is probably part of metabolic syn-
drome. It is associated with insulin resistance, second-
type diabetes type II and primary hypertension. Even the 
long distance between the birth and subsequent diseases 
in the older age, it appears that both birth weight and 
later increase of BMI are hereditary part of metabolic 
syndrome. In spite of the fact, that pathogenesis is not 
clearly explained, it is worthwhile to register data on birth 
weight of the individual and focus preventive measures on 
those with higher risk. This may help to influence posi-
tively the unfavorably increasing prevalence of metabolic 
syndrome.
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