
Heredity is known to play an important part in the ae-
tiology of Type II (non-insulin-dependent) diabetes
mellitus [1]. The nature of the hereditary is, however,
largely unclarified except in selected families in
which, in some cases, single gene mutations have
been discovered which can cause diabetes.

The role of heredity in the majority of subjects
with Type II diabetes has been difficult to study due,
in part, to the probable genotypic and phenotypic
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Summary We have investigated the association of a
family history of diabetes with glucose tolerance in a
population of Swedish men. All men 35±54 years of
age in 1992 and living in four different local mu-
nicipalities of the outer Stockholm area were
screened by questionnaire. From 10236 completed
questionnaires 1622 men, selected for presence of
such a history but without known diabetes, as well as
1507 men without a family history underwent an oral
glucose tolerance test. Diabetes (2 h-plasma glu-
cose levels > 11.0 mmol/l) was detected in 55 and im-
paired glucose tolerance (plasma glucose levels
7.8±11.0 mmol/l) in 172 subjects. The odds ratio of di-
abetes, associated with a family history, was 4.1, con-
fidence interval 2.1±8.3 and for impaired glucose tol-
erance 1.6, confidence interval 1.2±2.3. Influence of
a family history was measurable also within the range
of normal 2-h glucose concentrations: compared to
2-h glucose levels < 3.8 mmol/l; the odds ratio associ-
ated with a family history was 1.4, confidence interval
1.1±1.7 and 1.3, confidence interval 1.1±1.6 for con-
centrations 4.8±5.7 mmol/l and 5.8±7.7 mmol/l re-
spectively. The odds ratio of diabetes and impaired
glucose tolerance among men with a family history
increased with number and closeness of relatives
with diabetes but was not affected by the gender of

the family member. Overweight (BMI > 25.0 kg/m2)
increased the odds ratio of diabetes in subjects with
a family history, the odds ratio being 24, confidence
interval 3±177, when both conditions were present.
In subjects with Type II (non-insulin-dependent) dia-
betes mellitus discovered during the investigation,
the presence of a family history of diabetes was asso-
ciated with decreased insulin secretion rather than in-
sulin resistance as assessed by fasting insulin, homeo-
stasis model assessment, and the 2-h insulin response
to the oral glucose tolerance test. We conclude that a
family history of diabetes strongly but independently
of gender associates with decreased glucose toler-
ance. Furthermore, the results are compatible with a
major role for low insulin secretion in the diabetoge-
nic influence of a family history of diabetes in mid-
dle-aged Swedish men. Lastly, the very high risk for
diabetes in middle-aged men with both a family histo-
ry of diabetes and obesity indicates that such people
should, for the purpose of therapeutic intervention,
be identified in the general population. [Diabetologia
(1999) 42: 15±23]
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heterogeneity within and between different popula-
tions. Evolution of Type II diabetes has been exten-
sively studied in populations with a high propensity
for the disease, such as Pima Indians [2], inhabitants
of South Pacific islands [3], or Mexican Americans
[4]. The genetic background of diabetes in these pop-
ulations, however, is bound to differ from that of less
diabetes-prone ones which thus require separate in-
vestigation.

Studies of the impact of heredity in Type II diabe-
tes in low-prevalence populations have been ham-
pered by the small number of subjects with a family
history of diabetes in the general population. The
prevalence of diabetes in Sweden is low with 2±4%
of the population having diagnosed diabetes [5]. To
circumvent the problem of the low prevalence of a
family history of diabetes, we have carried out an ep-
idemiological study in which a sample from the gen-
eral population was enriched by subjects with a fami-
ly history. The design of this study enabled us to as-
semble a sufficient number of subjects for detailed
analysis of the impact of various types of family histo-
ry and their relation to insulin secretion, insulin re-
sistance and life-style risk factors, such as obesity.

In particular, the study population made it possible
to analyse in detail a possible relation between a fam-
ily history on maternal compared with paternal side
for glucose tolerance and other diabetes-related vari-
ables in the probands. Such analysis is of special inter-
est due to the divergent results reported. Many inves-
tigations thus show a preferential maternal effect
[6±9] but others fail to do so [10].

The main questions we tested in our study were:
1) is there a strong association between a family his-
tory of diabetes and decreased glucose tolerance in a
population representative of middle-aged Swedish
men?, 2) are there gender differences as to the impact
of a family history on glucose tolerance, insulin sensi-
tivity or insulin secretion or any of them?, 3) to which
extent does obesity interact with family history?, 4) is
family history as a diabetogenic factor associated
with low insulin sensitivity or low insulin secretion
or both?

Subjects and methods

Subjects. Our study was part of a large base-line epidemiologi-
cal survey of middle-aged men living in four municipalities of
the Stockholm area. The overriding purpose of the survey is
to serve as a basis for strategy and evaluation of prevention of
Type II diabetes in the Stockholm Diabetes Prevention Pro-
gramme [11].

Our study was designed as a population-based cross-sec-
tional study. It was approved by the ethics committee of the
Karolinska Hospital. It comprised a sample of men who were
35±54 years old in the year 1992. (Since data were assembled
between 1992 and 1994, the actual age span of subjects at the
time of data collection was 35 to 56 years). All subjects of the
appropriate age who lived in the four municipalities Sigtuna,

Tyresö, Värmdö and Upplands-Bro were included in the initial
investigations. All four municipalities belong to the outer
Stockholm area and are located between 20±40 kilometers
from the city centre. The subjects to be studied were identified
through the continuously updated population registry held by
the Stockholm County Council which included all the inhabit-
ants of the county.

An outline of the selection procedure is given in Figure 1.
Sampling of subjects was by two sequential procedures. In the
first, a short questionnaire was sent to all men in the appropriate
age group living in the four municipalities. The questionnaire
asked about country of birth and presence of diabetes in the
subject and among relatives. Of the 12 952 men who received
the questionnaire answers were obtained from 10 236 ( 79 %).
The answers showed that 258 men (2.5 %) had diabetes known
to themselves and that 212 (2.1 %) were born outside Sweden.
These subjects were excluded from the rest of the study.

From remaining answers, we identified 2106 men with a
family history of Type II diabetes specified as follows: known
diabetes in at least two second-degree relatives (grandparent,
uncle or aunt) or in at least one first-degree relative in the gen-
eration of the proband (sister or brother) or the preceding gen-
eration (fathers, mothers). Subjects reporting children with dia-
betes were not included in the family history group because of
the likelihood that their family history indicated links to Type
I (insulin-dependent) diabetes mellitus rather than to Type II
diabetes. We furthermore identified 3328 subjects who did not
have first or second-degree relatives (including children) nor
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Mailed questionnaire to all men
aged 35-54 years in four suburban

communities of Stockholm
n = 12 952

10 236 responses
(79%)

Known diabetes 2,5%
Foreign origin 2.1%
Insuff. fam. history 15.0%
Incompl. responses 27.4%

Family history of
diabetes
n = 2 106

No family history of
diabetes
n = 3 329

3 128 participants

Invited to health examination:

- Oral glucose tolerance test
- Measures of height, weight, WHR
- Questionnaire; previous weight, physical

activity, diet, smoking, alcohol

Insufficient
family history

1.0%

Age-adjusted
sample n = 2 424

Fig. 1. Study design. For further details see subjects and
methods



cousins with known diabetes. These subjects constituted the
group without family history. We excluded from further investi-
gations 1531 (15.0 %) men who did not fit either the family his-
tory or the non-family history category and 2800 men (27.4 %)
who did not render complete answers on family history.

In the second procedure, all 2106 men who had given com-
plete and positive information on their family history were
contacted by telephone and asked to participate in further in-
vestigations. Along with the subjects with a family history we
contacted in the same manner 2424 subjects of those without
family history. The latter subjects were selected randomly
within the 5 year age group of each participating subject with
a family history. In total 3181 men (70.2 %) of those contacted
agreed to participate.

The investigations took place at four local health care cen-
tres, one for each of the participating municipalities. The sub-
jects to be studied reported to the local health care centre of
their community in the morning (between 0700 and
0830 hours) after an overnight fast (starting at 2200 hours).
Subjects were instructed to abstain from vigorous exercise in
the evening before and in the morning of the investigations.
Smokers were encouraged to abstain from smoking in the
morning of the investigations. On arrival in the health care
centre the information given by the subjects in the question-
naire on family history was first verified. As a result of this ver-
ification 52 subjects were found not to fit the family history or
non-family history category and were therefore excluded
from further studies. Altogether 3128 subjects constituted the
final study group. In these subjects weight, height, and waist-
hip ratios were measured when the subjects were wearing light
indoor clothing and no shoes. Blood pressure was measured in
the supine position by a nurse.

Subsequent to these measures all of the 3128 subjects un-
derwent a 75-g oral glucose tolerance test (OGTT) according
to the World Health Organisation (WHO) criteria [12]. Ve-
nous blood samples were secured before and 120 min after
the ingestion of glucose. Plasma samples were obtained after
centrifugation and stored at minus 20 °C until assays of glucose
and insulin. During the OGTT the subjects were seated com-
fortably in calm surroundings. A detailed questionnaire which
included eating habits, physical activity and social conditions
was filled out at that time.

Assays. Concentrations of plasma glucose were assayed in du-
plicate using a glucose oxidase method and a Yellow Spring
Glucose Analyser (Yellow Springs Inc., Yellow Spring, Ohio).
Immunoreactive insulin (IRI) was assayed by RIA, using our
own antibodies, human insulin as a standard and charcoal ad-
dition to separate antibody-bound and free insulin [13]. Proin-
sulin cross-reacts in this assay by about 80 %.

Calculations. Impaired glucose tolerance (IGT) and diabetes
were defined according to WHO criteria, i. e. IGT was defined

as a 2-h plasma glucose concentration between 7.8 and
11.0 mmol/l and diabetes above 11.0 mmol/l. In the evaluation
of insulin sensitivity and secretion a homeostasis model assess-
ment (HOMA) was included. The HOMA model is based on
ratios between fasting insulin and glucose values. The model
is verified against near-steady-state C-peptide or insulin re-
sponses to hyperglycaemic clamps in non-diabetic people [9].
The HOMA variables of insulin secretion and sensitivity were
calculated using the previously described algorithms [14] but
excluding those constants which are dependent on the particu-
lar insulin assay used. Beta-cell function by HOMA was thus
calculated as insulin(mU/l)/[glucose(mmol/l) ±3.5] and resis-
tance as insulin ´ glucose.

Multiple logistic regression analysis was used to obtain the
odds ratios (OR), accompanied by 95 % confidence intervals
(CI).Chi squared analysis was used to test for differences in
distribution between insulin secretion and insulin resistance
variables. All OR estimates were adjusted for age in two cate-
gories (35±45 and 46±56 years) and for BMI in three categories
( £ 24.9, 25.0±27.9 and ³ 28.0 kg/m2).

Results

General characteristics of subjects with or without
a family history of diabetes. General characteristics
are given in Table 1. Age was closely matched for
the two groups studied. Height was slightly but sta-
tistically significantly lower in subjects with a family
history. Subjects with a family history were, on av-
erage, slightly but significantly more obese than
those without, whether assessed by body weight,
BMI or by waist/ hip ratio (WHR). Diastolic blood
pressure was slightly but statistically significantly
higher in subjects with than in those without family
history.

Subjects who reported a diabetic mother were
1.7 years older than those with a diabetic father (Ta-
ble 2). Both systolic and diastolic blood pressure was
significantly higher in subjects with a diabetic moth-
er; however this could be explained, at least in part,
by the age-related increase which amounted to
5.3 mmHg for systolic and 2.0 mmHg for diastolic
blood pressure during a 10 year period. This age-re-
lated increase was similar in those with a diabetic
mother and a diabetic father (data not shown). In
other respects there were no significant differences
between the two types of family history (Table 2).
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Table 1. Characteristics of subjects with and without a family history of diabetes

Family history of diabetes No family history of diabetes difference p -value

n means SD n means SD

Height (m) 1619 1.79 0.06 1504 1.80 0.06 ±0.01 0.003
Weight (kg) 1621 85.1 12.9 1506 83.2 12.0 1.90 < 0.001
BMI (kg/m2) 1618 26.5 3.7 1503 25.7 3.3 0.78 < 0.001
WHR 1616 0.91 0.01 1504 0.90 0.05 0.01 < 0.001
BP Syst. (mm/Hg) 1610 125.7 14.7 1501 124.4 14.8 1.25 0.018
BP Dias. (mm/Hg) 1610 80.4 9.6 1500 79.7 9.6 0.77 0.026
Age (years) 1622 46.6 4.9 1507 46.7 4.9 ±0.03 0.841



Prevalence of diabetes and IGT in relation to number
and closeness of relatives with diabetes. Diabetes was
diagnosed in 55 (1.8% of the study population ) and
impaired glucose tolerance (IGT) in 172 subjects
(5.5%). When adjusted for age and BMI the OR as-
sociated with family history was 4.1 or diabetes and
1.6 for IGT (Table 3). The relative risk of diabetes
and IGT increased with the number and closeness of
relatives with diabetes. Thus, those with more than
one first-degree relative with diabetes tended to
have the highest OR.

Table 4 compares the prevalence of IGT and dia-
betes in relation to gender-specific relatives. The
ORs associated with female relatives did not differ
from those of male relatives.

Association between a family history of diabetes and
fasting plasma glucose. Within the normal range of
fasting plasma glucose (i. e. < 7.8 mmol/l) there was
an association between family history and plasma
glucose concentrations in the upper half of normal
values (Table 5). An association with family history
was already noted in the interval of fasting glucose
levels between 4.7 and 5.5 mmol/l relative to lower
glucose concentrations.

Association of a family history of diabetes with 2-h
glucose values in subjects with normal glucose toler-
ance (NGT). The mean 2-h glucose values of subjects
with normal 2-h glucose values (NGT) were higher in
subjects with than without a family history. The OR
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Table 2. Characteristics of subjects with and without a family history of diabetes

Diabetes in the father Diabetes in the mother difference p -value

n means SD n means SD

Height (m) 574 1.79 0.07 538 1.79 0.06 0.00 0.267
Weight (kg) 575 84.6 12.5 537 85.5 13.0 ±0.86 0.263
BMI (kg/m2) 574 26.4 3.6 537 26.5 3.6 ±0.13 0.535
WHR 572 0.91 0.06 535 0.91 0.05 0.00 0.834
BP Syst. (mm/Hg) 572 124.8 14.2 536 127.5 15.0 ±2.7 < 0.003
BP Dias. (mm/Hg) 572 79.8 9.8 536 81.5 9.5 ±1.7 0.004
Age (years) 575 46.0 4.8 538 47.7 4.7 ±1.7 < 0.003

Table 3. Prevalence odds ratio (POR) of IGT and Type II diabetes associated with a family history of diabetes by number and
closeness of relatives

Family history
of diabetes

Normal GT
n

IGT Type II diabetes

n POR 95% CI n POR 95% CI

No 1433 60 1.0 10 1.0
Yes 1460 112 1.6 1.2±2.3 45 4.1 2.1±8.3

No 1433 60 1.0 10 1.0
Two second-degree relatives 201 11 1.1 0.6±2.2 3 2.1 0.6±7.6
More than two second-degree relatives 76 4 1.4 0.5±3.9 2 4.3 0.9±20.2
One first-degree relative 1042 79 1.7 1.2±2.3 34 4.4 2.1±8.9
More than one first-degree relative 140 18 2.4 1.3±4.2 6 5.0 1.8±14.1

Table 4. Prevalence odds ratio (POR) of IGT and Type II diabetes associated with a family history of diabetes by gender of rela-
tives

Family history
of diabetes

Normal GT
n

IGT Type II diabetes

n POR 95% CI n POR 95% CI

No 1433 60 1.0 10 1.0
Father's side 520 39 1.7 1.1±2.5 15 4.1 1.8±9.3
Mother's side 560 41 1.6 1.0±2.4 18 4.1 1.9±9.1
Both father's and mother's side 301 28 1.9 1.2±3.1 10 4.6 1.9±11.1

No 1433 60 1.0 10 1.0
Father 514 44 1.9 1.3±2.9 16 4.4 2.0±9.9
Mother 486 33 1.5 0.9±2.3 17 4.4 2.0±9.8
Both father and mother 63 11 3.1 1.5±6.3 5 8.5 2.8±26.2

No 1433 60 1.0 10 1.0
Female relatives 464 28 1.3 0.8±2.0 13 3.5 1.5±8.1
Male relatives 454 34 1.7 1.1±2.6 17 5.2 2.4±11.5
Both female and male 541 50 1.9 1.3±2.9 15 3.8 1.7±8.6



of having 2-h glucose values of 5.8±7.7 mmol/l (com-
pared with glucose levels < 3.8 mmol/l) was thus in-
creased to 1.4 (CI 1.1±1.7), that of 4.8±5. 7 to 1.3 (CI
1.0±1.6) and that of 3.8±4.7 not significantly to 1.1
(CI 0.9±1.3).

The OR of having 2-h glucose values in the range
of 5.8±7±7 mmol/l (compared with glucose concentra-
tions < 3.8 mmol/l) were compared in subjects with a
mother compared with those with a father as a dia-
betic relative and found not to differ significantly
(OR 1.5, CI 1.1±1.9 for mother and 1.1, CI 0.9±1.5
for father as diabetic relative).

Family history of diabetes in combination with obesity
in relation to IGT and diabetes. Obesity is the most
thoroughly documented risk factor for diabetes and
IGT [15]; it was therefore adjusted for in the data
analysed above. We also wished to assess the interre-
lationship between overweight and a family history
for relative risks of diabetes and IGT. Subjects were
divided into those with BMI less than 25 kg/m2 and
those above. Subjects with a family history and high
BMI had a mean 24-fold increased OR of diabetes
compared with leanness and no family history
(Fig.2). The association between obesity and IGT
was as strong as for overt diabetes, whereas the influ-
ence of a family history appeared less pronounced
(Fig.2).

Association of family history of diabetes with beta-cell
function and insulin sensitivity. Because glucose toler-
ance per se is known to affect insulin release and sen-
sitivity, we assessed the variables of insulin secretion
and sensitivity in different strata of glucose tolerance
as determined from the results of OGTT. Four differ-
ent concentrations of glucose tolerance were defined:
2-h plasma glucose concentrations below 5.8 mmol/l,
those between 5.8 and 7.7 mmol/l, IGT and diabetes.

The difference in proportion of a family history in
relation to no family history for the chosen variables
of insulin sensitivity and secretion are shown in Ta-
ble 6. Among subjects with normal glucose tolerance,
those with a family history displayed lesser sensitivity
to glucose, as judged from HOMA and fasting insulin
concentrations. This was in marked contrast to the
subjects in whom diabetes was discovered during the
investigation. In the diabetic subjects the frequency
of insulin resistance was thus lower in subjects with a
family history than in those without (Table 6). Recip-

rocally, low insulin secretion tended to be more fre-
quent in diabetic subjects with a family history com-
pared with diabetic subjects without (Table 6).

The corresponding analysis comparing insulin sen-
sitivity and secretion in subjects with a diabetic moth-
er compared with subjects with a diabetic father did
not yield any significant differences (results not
shown).

Discussion

To our knowledge, this is the largest study in a low-
prevalence population which investigates the impact
of a family history of diabetes on glucose tolerance
and Type II diabetes. The study should be representa-
tive of ethnically Swedish men, since participation
rate was high and subjects who were obviously not
of natural Swedish origin were excluded. Our data in-
dicate a strong and multifactorial influence of family
history of diabetes at all levels on glucose tolerance
in this population, without, however, evidence for a
gender effect.

Several methodological questions must be an-
swered before the results can be interpreted properly.
One question pertains to the reliability of the recall
procedure. Recall bias are likely to occur in subjects
with known diabetes compared with non-diabetic
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Table 5. Effects of a family history of diabetes on fasting plasma glucose concentrations

Family history
of diabetes

Glucose concentration (mmol/l)

K 4.6 4.7±5.5 5.5±6.7 L 6.8

n n POR 95% CI n POR 95% CI n POR 95% CI

No 771 594 1.0 125 1.0 13 1.0
Yes 701 672 1.2 1.0±1.4 208 1.7 1.3±2.1 37 2.8 1.5±5.3

No
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Family history of diabetes
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Fig. 2. Odds ratios of IGT and diabetes associated with combi-
nations of BMI and family history of diabetes. The 95 % confi-
dence intervals are indicated by bars. A BMI £ 24,9;
BMI ³ 25,0



subjects, since the former are likely to recall family
history better than the latter. It was therefore an im-
portant advantage of the present study design that
participating subjects were, by definition, unaware
of diabetes in themselves before the investigations.
Furthermore, we made considerable efforts to mini-
mize incorrect recall. Hence, participating subjects
were asked about family history on two separate oc-
casions, first by questionnaire, then, several weeks
later, by interview at the time of OGTT. More impor-
tantly, we excluded a considerable number of subjects
(27 % of the primary study group) who were unable
to fully account for presence or absence of diabetes
among relatives. It is of course realized that these
measures do not completely guarantee a correct re-
call. Furthermore, the error of undiagnosed diabetes
in relatives of the study subjects has to be considered.
In a recent population study in Sweden the presence
of undiagnosed diabetes was thus about 50% of the
frequency of known diabetes [16].

A further question arises as to the type of diabetes
the subjects with diagnosed disease had. The age span
investigated (35±54 years) makes it likely that most
subjects in whom we diagnosed hyperglycaemia had
Type II diabetes. Also the clinical follow-up of the
subjects diagnosed with diabetes made this likely: all
had mild diabetes and none needed insulin treatment
during observation time for at least a year (results not
shown).

A related question is whether a family history of di-
abetes pertains to Type I or Type II diabetes. To mini-
mize inclusion of Type I diabetes in family history, we

purposely excluded those of our subjects who report-
ed children with diabetes, since family history in those
instances was likely to be linked to Type I rather than
to Type II diabetes. In separate analysis of the investi-
gated subjects with a family history, we restricted the
analysis to those who reported that relatives of their
own or of older generations were diabetic after the
age of 35. This analysis, however, yielded essentially
the same results as those presented above, i. e. the re-
lation between a family history and glucose tolerance
and variables of insulin secretion or insulin resistance
were not altered (results not shown).

It is important to note that we analysed family his-
tory in relation to glucose tolerance only in subjects
not previously known to have diabetes. This design
has advantages as well as limitations. An advantage
is that relations between family history and external
risk factors, such as overweight, are not influenced
by therapeutic efforts and knowledge about the dis-
ease. A limitation is that the impact of family history
that we observed in overt diabetes is restricted to the
incidences discovered during the OGTT. One conse-
quence of this could be that what we study here is
the relation of a family history to mild cases of Type
II diabetes since more severe diabetes would produce
symptoms prompting investigations and earlier diag-
nosis. The design possibly selected against adult
Type I diabetes, since this form of the disease usually
presents with severe diabetes.

A fundamental problem is to ascertain whether a
family history relates to heredity or to family-shared
conditions, such as social class, family values, educa-
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Table 6. Distribution of subjects with a family history compared with no family history of diabetes in relation to variables of insulin
resistance and insulin secretion

Glucose tolerance group Family history of diabetes No family history of diabetes c 2 p -value Effect of family
history vs no
family history
(lower = ±
higher = +)

Tertiles on insulin secretion/
resistance variables

Tertiles on insulin secretion/
resistance variables

lowest 3rd middle 3rd highest 3rd lowest 3rd middle 3rd highest 3rd

< 5.8 mmol/l 2-h insulin response 371 383 425 438 419 352 13.65 < 0.01 +
Fasting insulin 350 416 414 385 460 369 5.98 < 0.1 +
HOMA (beta-cell
function) 407 391 374 401 392 416 1.70 NS
HOMA (resistance) 378 397 405 445 403 366 6.99 < 0.05 +

5.8±7.7 mmol/l 2-h insulin response 90 84 107 77 81 60 6.44 < 0.05 +
Fasting insulin 82 96 103 72 76 72 1.05 NS
HOMA (beta-cell
function) 98 91 91 67 77 75 1.09 NS
HOMA (resistance) 85 94 102 81 72 67 2.88 < 0.25 +

Impaired glu-
cose tolerance

2-h insulin response 32 39 39 24 17 17 2.58 NS
Fasting insulin 39 37 36 18 19 22 0.53 NS
HOMA (beta-cell
function) 41 36 35 17 20 22 1.15 NS
HOMA (resistance) 38 36 38 19 20 20 0.07 NS

Type II diabetes 2-h insulin response 16 16 12 1 2 6 5.34 < 0.1 ±
Fasting insulin 17 15 13 2 1 7 6.08 < 0.05 ±
HOMA (beta-cell
function) 18 13 14 1 5 4 3.44 < 0.25 ±
HOMA (resistance) 16 16 13 2 3 5 1.79 NS



tional levels, eating habits etc. In our study, we have
accounted for the influence of overweight (discussed
below) which is a major risk factor that could, in
part, be related to conditions during childhood and
adolescence. That other factors encompassed by ªso-
cial heredityº are important for the impact of a family
history on IGT and diabetes is suggested by a previ-
ous study [17]. These other factors are to be explored
in future analysis of our population. Another factor
of potential importance is fetal environment, since it
has been documented that low birth weight associates
with diabetes [18]. Low height is associated with low
birthweight and it is therefore interesting that in our
study the height of subjects with family history was
slightly, but significantly lower than in those without
a family history. The possible influence of birthweight
in our study population is currently under investiga-
tion.

We find that family history was inversely associat-
ed with glucose tolerance over the entire range of
2-h glucose values during the OGTT. The association
with a family history was thus strongest for diabetes,
followed by IGT. Within the NGT range of glucose
concentrations associations with family history di-
minished successively from higher to lower glucose
values. This finding is consistent with, but does not
prove, that the ªdosageº of genetic factors deter-
mines the level of glucose tolerance in a given person.

The proportion of diabetic subjects with a family
history displaying low indices of insulin secretion
tended to be increased relative to diabetic subjects
without. Reciprocally, the proportion of diabetic sub-
jects with a family history displaying insulin resis-
tance was decreased relative to diabetic subjects
without. These findings agree with data from a group
of much older Type II diabetes subjects in the Nether-
lands [19]. These results suggest that the diabetoge-
nicity of family history is linked to negative effects
on insulin secretion. It is clear, however, that our
data do not rule out potential influences of a family
history on insulin sensitivity. In fact, subjects with a
family history and normal glucose tolerance dis-
played signs of insulin resistance. Only a prospective
follow-up study can determine the relative impor-
tance of insulin resistance and low insulin secretion
for development of diabetes in our study group.

The strength of the present assessments of insulin
sensitivity and secretion could be questioned on the
grounds that the variables measured are crude but,
although simple, they appear basically valid. At nor-
moglycaemia raised fasting concentrations of insulin
(or immunoreactive insulin) are a widely used mea-
sure of insulin resistance. Also, the HOMA analysis
has been used in large prospective studies, such as
the UK prospective one in Type II diabetic subjects
[20]. The HOMA analysis is based on the relation be-
tween fasting insulin and glucose values [14]. To some
extent at least, HOMA has been validated as to insu-

lin sensitivity and insulin deficiency [21]. The 2-h in-
sulin values are more difficult to interpret, since high
concentrations can occur either as a result of insulin
resistance or as a result of delayed stimulation of in-
sulin secretion by glucose [22]. However, the associa-
tion of a family history of diabetes with the lowest ter-
tile of 2-h insulin concentrations at raised 2-h glucose
concentrations can only be interpreted as an associa-
tion with low insulin secretion.

Type II diabetic patients have raised proinsulin to
insulin ratios in circulation [23] and this effect has
been proposed to be genetically determined. That
our RIA co-measures proinsulin with insulin could
affect, to some extent, the insulin measurements in
the Type II diabetic subjects but this does not explain
the relation observed between insulin secretion in di-
abetic subjects with or without a family history of dia-
betes. The co-measurement of proinsulin is not likely
to add to insulin measurements to a major extent in
remaining subjects, since the percentage of fasting
proinsulin in relation to insulin is low (below 15%)
[23, 24].

Diabetes in the mother as compared with diabetes
in the father was found previously to increase Type II
diabetes in the offspring of animals [25] and man
[6±9, 26]. This association has been proposed to be
due to influences of maternal diabetes on the foetus.
A preferential association of non-insulin-dependent
diabetes in the offspring with maternal compared
with paternal inheritance was also seen, however,
when diabetes in the mother was apparent only after
the pregnancy. Mutations in mitochondrial genes
[27] could give rise to such an association as could, at
least theoretically, genetic imprinting. The notion of
a preferential impact of the mother's diabetes occur-
ring after pregnancy is, however, controversial as
one study failed to document an association between
maternal diabetes and diabetes in male Caucasian
offspring [10].

In our population we did not observe any associa-
tion between a family history of diabetes and gender,
nor specifically between family history in mother
compared with father. Neither did we detect an influ-
ence of maternal diabetes on obesity-related vari-
ables in our subjects. The reasons for discrepancies
between different studies are not known. It seems
possible that a putative maternal influence could
give rise to diabetes of early onset and of such severi-
ty as to be detected before the 35±54 year age of our
population. It should also be noted that the maternal
association was, in one study, strongest for patients
who were considerably older than our subjects [7].

Obesity is the strongest non-hereditary risk factor
for Type II diabetes [1, 15]. Our results show added
effects between a family history and obesity for risk
of diabetes. Such effects have also been observed pre-
viously [28] but not, as in our study, in a subject sam-
ple drawn from the general population. Interestingly,

V. Grill et al.: Family history of diabetes 21



the obesity- associated relative risk for IGT was simi-
lar to the OR for diabetes, whereas the OR conferred
by a family history was stronger for diabetes than for
IGT. These observations could indicate that moder-
ate obesity per se is sufficient to cause IGT but that
additional, hereditary, factors are needed to cause di-
abetes.

The association between a family history and dia-
betes was very strong in our study. One reason for
this could be the exclusion of even a minor family his-
tory (such as third degree relatives) from the control
(no family history) group as well as all subjects who
were unable to give complete information on family
history. In this way we have minimized (but not ex-
cluded) the presence of undiagnosed family history in
the non-family history group. Another reason for the
strong association could be due to the relatively young
age at which diabetes was discovered in our subjects.
The aging process is known to involve both a decrease
in insulin sensitivity and in insulin secretion [29]. If the
sum of negative hereditary and non-hereditary factors
determine onset of diabetes, then more hereditary
factors are needed for diabetes debut at a younger
than at an older age. Experimental studies support
this notion [30]. On follow-up of this cohort we would
then expect new cases of diabetes to display a weaker
association with a family history than the subjects in
whom diabetes was presently discovered.

Finally, our results imply that middle-aged men
with both a family history and obesity should be
screened in the general population. This is because
of the very high risk of unrecognized diabetes that
we found in such subjects and the possibility of thera-
peutic intervention. As shown here, such screening
can easily be done by a short postal questionnaire.

In summary, the present study has shown a strong
effect of a family history of diabetes on glucose toler-
ance. The effect is graded as to number and closeness
of relatives. The impact of a family history on glucose
tolerance is a continuous variable, being strongest for
diabetes, less strong for IGT but detectable also in a
higher strata within the normal range of 2-h postglu-
cose values. No differences were seen between a fam-
ily history on maternal and paternal side as to OR for
decreased glucose tolerance or diabetes-related vari-
ables. The data also indicate that diabetogenic hered-
ity in a Swedish population includes as a major com-
ponent a decreased capacity for insulin secretion.
Lastly, the synergy shown between heredity and obe-
sity as risk factors emphasize the need for interven-
tive efforts to prevent diabetes in subjects displaying
both obesity and a family history of diabetes.
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