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Can inaccuracy of reported parental history
of diabetes explain the maternal transmission
hypothesis for diabetes?

Barbara Thorand,? Angela D Liese,P"¢ Marie-Héléne Metzger,? Peter Reitmeir,9 Andrea Schneider? and

Hannelore Léwel®®

Background

The mode of inheritance of type 2 diabetes mellitus is still under discussion.
Several studies have suggested an excess maternal transmission, however, more
recent studies could not always confirm these findings.

We investigated the frequency of a maternal and paternal history of diabetes
among diabetic and non-diabetic subjects and assessed the association between
diabetes and a parental history of diabetes among participants of the MONICA
Augsburg study. As an extension to previous studies, unknown parental status

Of the 542 diabetic probands, 25.3% reported a positive maternal history of
diabetes and 10.9% reported a positive paternal history of diabetes. Among the
12 209 non-diabetic participants a positive maternal history was also more common
than a positive paternal history (12.5% versus 7.1%). Conversely, an unknown
paternal status was more common than an unknown maternal status in both groups
(diabetic subjects: 27.9% versus 16.8%, non-diabetic subjects: 16.8% versus
8.4%). Adjusted odds ratios (OR) for the association between a parental history
of diabetes and diabetes status were similar for a positive maternal (OR = 2.9,
95% CI : 2.3-3.6) and paternal history (OR = 2.8, 95% CI : 2.1-3.8) and for an
unknown maternal (OR = 1.3, 95% ClI : 1.0-1.8) and paternal history (OR = 1.5,

our findings do not support a strong excess maternal transmission of diabetes.
Epidemiological biases and failure to account for ‘don’t know’ responses may

in part explain the previously observed predominance of a maternal history of
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Conclusion

diabetes.
Keywords

biases
Accepted

A number of studies have reported a higher frequency of
maternal compared to paternal history of diabetes among
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patients with type 2 (non insulin dependent) diabetes.1®
This observation led to the hypothesis that type 2 diabetes is
predominantly transmitted maternally. One mechanism that
has been proposed is that maternally inherited mitochondrial
DNA mutations and deletions are important in the transmission
of diabetes.58 Other explanations include genetic imprinting9
and environmental mechanisms such as the intrauterine
environment!® and behavioural risk factors passed on prefer-
entially by the mother.11-13 Wwhile all these mechanisms may
be important in the transmission of diabetes they probably
cannot explain the marked excess in maternal transmission
suggested by the above-mentioned studies.

Of note, some studies did not observe excess maternal trans-
mission of diabetes.14~18 Ethnic differences in the transmission
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of diabetes have been suggested as one reason for the differing
results but the observed differences could also be related to the
almost inevitable epidemiological biases such as reporting bias
and censoring bias that result from reliance on reported parental
histories.2® All studies observing excess maternal transmission
of diabetes used proband’s report as the basis to characterize
parental history of diabetes. In most cases probands were
not given the option to answer ‘I don’t know’. Therefore, it is
difficult to quantify the effect of potential biases on the reported
excess of maternal transmission of diabetes. To explore the impact
of these biases we investigated the frequency of an unknown
maternal and paternal status of diabetes in a population-based
study and assessed the association between diabetes in the
proband and a parental history of diabetes taking unknown
parental status into account.

Subjects and Methods

Study population

From 1984 to 1995 three independent cross-sectional surveys
have been conducted in the city of Augsburg (Germany) and the
surrounding counties (Landkreise) within the framework of the
multinational WHO MONICA (Monitoring of Trends and Deter-
minants in Cardiovascular Disease) project. Details concerning
the study design and methods have been described elsewhere.20:21
Briefly, a total of 13 428 subjects (6703 women, 6725 men)
participated in one or more of the three surveys. The response
rates ranged from 79.3% in 1984/85 to 74.9% in 1994/95. Only
data from the earliest survey was used if people had participated
in two (n = 366) or three (n = 12) surveys. Subjects with miss-
ing values (as opposed to ‘don’t know’) for parental history of
diabetes or missing diabetes status (n = 8) and those who were
unsure whether they had diabetes (total n = 669) were ex-
cluded leaving a total of 6421 women and 6330 men for the
analysis presented in this paper. Among these, 240 women and
302 men reported having diabetes mellitus. We cannot
determine the type of diabetes with certainty, but the number
of subjects with type 1 diabetes was probably small since few
cases were diagnosed before 40 years of age and treated only
with insulin (n = 10 women, n = 14 men). Thus it can be
assumed that the great majority of subjects had type 2 diabetes
and therefore, the term type 2 diabetes will be used throughout
this paper.

Definition of parental history of diabetes

In a personal interview subjects with living parents were asked:
‘Does your mother (father) have diabetes?’ Those with deceased
parents were asked: ‘Did your mother (father) have diabetes?’
Probands could answer ‘yes’, ‘no’ or ‘I don’t know’. Subjects
who did not know whether their mother (n = 31) or father
(n = 148) were still living were assigned an unknown parental
status of diabetes.

Statistical methods

Differences in the frequencies of parental history of diabetes
between groups (e.g. men and women) were analysed with x2
tests. In the case of matched series (maternal and paternal
history of a person) differences were tested by Mc Nemar’s test.
The association between the outcome personal diabetes and
the exposure variables for parental history of diabetes were
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analysed using logistic regression analysis. The exposure variables
maternal/paternal history of diabetes were categorized into
three groups: negative, unknown, positive. In addition to the
exposure variables, age (continuous), gender and survey were
included in the models. To determine whether the associations
between personal diabetes and a parental history of diabetes
differed between men and women, models which included
interaction terms between the parental history variables and
gender were also considered. Furthermore, an interaction term
between the parental history variables was entered into the
models to evaluate whether the effect of a positive or unknown
maternal or paternal status differed depending on the status for
the other parental history variable. Odds ratios (OR) and the
corresponding 95% CIl were reported. All analyses were
performed using the statistical software package SAS (Version
6.12, SAS Institute Inc., Cary, North Carolina). P-values <0.05
were stated as statistically significant.

Results

Frequency of an unknown parental status
of diabetes (Table 1)

Parental history of diabetes was unknown for at least one
parent in 21.2% of the subjects. Unknown paternal status was
significantly more common than unknown maternal status
(17.3% versus 8.8%, P = 0.001). This pattern was seen in
females and males, in those <55 years and =55 years and
among diabetic and non-diabetic subjects.

Males were less likely to know the diabetes status of their
parents than females. An even larger difference was seen
between older and younger people. Unknown maternal
as well as paternal status was more common among diabetic
than among non-diabetic subjects (maternal history: P = 0.001;
paternal history: P = 0.001). However, this difference was partly
explained by age since people with diabetes were on average
13.5 years older than non-diabetic subjects (mean age = SD:
diabetic subjects: 60.9 + 8.9; non-diabetic subjects: 47.4 + 13.5).

Frequency of a positive parental history of diabetes
(Table 1)

Overall, 13.1% of the participants had a diabetic mother, 7.2%
had a diabetic father (P = 0.001), and 1.2% had two diabetic
parents. Among diabetic subjects, 25.3% reported a maternal
history and 10.9% reported a paternal history (P = 0.001). The
respective numbers were 12.5% and 7.1% among those with-
out diabetes (P = 0.001).

The frequency of a positive maternal and paternal history of
diabetes decreased with increasing age of the subjects. This age
effect was more pronounced for a paternal than for a maternal
history of diabetes so that people with a positive paternal
history of diabetes were considerably younger than people with
a positive maternal history of diabetes (mean age + SD: positive
paternal history of diabetes: 45.0 + 11.8; positive maternal
history of diabetes: 49.4 + 11.2).

Prevalence estimates of a positive parental history

Table 2 describes the frequency of a positive parental history of
diabetes among diabetic and non-diabetic participants under
different assumptions for subjects with an unknown parental
status. It also shows the ratio of a positive maternal to paternal
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Table 1 Frequency of an unknown and a positive parental history of diabetes by gender and age among diabetic and non-diabetic participants

(total n = 12 751); pooled MONICA surveys 1984-1995

Unknown? Positive?

Maternal history® Paternal history Maternal historyd Paternal history
Proband characteristics N % % % %
All 12 751 8.8 17.3 13.1 7.2
Diabetic subjects 542 16.8 27.9 25.3 10.9

@ History of diabetes was unknown for both parents in 4.8% of all subjects (non-diabetic subjects: 4.6%; diabetic subjects: 11.3%).
b History of diabetes was positive for both parents in 1.2% of all subjects (non-diabetic subjects: 1.1%; diabetic subjects: 3.3%).
¢ Mc Nemar’s test for difference between an unknown maternal and paternal status of diabetes: P-value = 0.001 for all subgroups.

d Mc Nemar’s test for difference between a positive maternal and paternal
<55 years: P = 0.07.

history of diabetes: P-value = 0.001 for all subgroups except diabetic subjects

e x2-test for difference between females and males: * P-value < 0.05, ** P-value < 0.01, *** P-value = 0.001.

f x2-test for difference between age groups: Tp-value < 0.05, Tt P-value < 0

.01, T p-value = 0.001.

Table 2 Prevalence estimates of a positive maternal and paternal history of diabetes under different assumptions for subjects with unknown

parental status of diabetes

Unknown parental
status assumed

Subjects with an

Unknown parental
status randomly

Unknown parental
status assumed

to be negative unknown parental distributed to be positive

(0% +ive-100% —ive) status excluded (40% +ive®-60% —ive) (100% +ive-0% —ive)

(n=12751) (n=10042) (n=12751) (n=12751)

Diabetic subjects n =542 n =361 n =54 N=542

Ratio maternal history/paternal history

Non-diabetic subjects

Ratio maternal history/paternal history

%

@ The prevalence of a positive parental history among those who respond ‘I don’t know’ (P) was estimated based on the adjusted OR obtained for the effect of
a positive maternal/paternal history of diabetes and an unknown maternal/paternal history of diabetes in the logistic regression model (Table 3). According
to a dose-response relationship between the logit transformed prevalence and the log OR, the prevalence P can be estimated by the ratio of the log OR for
an unknown and a positive parental history. Since the OR for a maternal and paternal history of diabetes were quite similar, the mean OR were used and

led to the prevalence estimate P = log 1.45/log 2.75 = 37%.

history. If people with an unknown parental status were
included in the denominator but not in the numerator (i.e. they
were assumed to have a negative parental history) results
indicated that among diabetic subjects mothers were 2.3 times
as likely to have diabetes as fathers. The respective ratio estimate
was 1.8 among non-diabetic participants. When analyses
were restricted to subjects with known parental history (i.e.
those with a positive or negative parental history of diabetes)

the prevalence ratio estimate of a maternal to paternal history
was reduced to 1.8 and 1.6 among diabetic and non-diabetic
subjects, respectively. Results obtained by this approach were
very similar to the results obtained if people with an unknown
parental status were randomly assigned either to the positive or
negative parental history categories using the frequency of a
positive maternal and paternal history observed in the data
(results not shown). Under the assumption that the prevalence
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Table 3 Odds ratios (OR) for the association between self-reported personal diabetes and a paternal and maternal history of diabetes from logistic

regression models with various degrees of adjustment (n = 12 751)

Not adj. for additional

Adj. for age, gender

variables Adj. for age and survey

OR 95% ClI OR 95% ClI OR 95% ClI
Maternal history of diabetes
Cumeownverssnegave 2z arze @m0 i aods

Positive versus negative 2.7 (2.2-3.3) 2.8 (2.3-3.5) 2.9 (2.3-3.6)

o hlstoryofdlabetes e N N AT
~ Unknown versus negative 17 @421y 15 a2 15 (12-19)
Posnweversusnegamve T (14_24) B (20_37) T (21—38)
e
Cremaleverssmale L g )
Age (continuous)
1—year|ncrease e A (109_111) BT R (109_111)
Survey ettt TSP P PSSP PR TS POPS PO POPPSPOPORPRPSPbrotutvoUTPRRPIS ruvvortivotuor AUTIUOURPE PP PP bestrn SOPPPPRINE oo fieiorors
Surveylversussurveys— s - 11(09_14)
Survey 2versussurvey3 P (09_14)

of a positive parental history is the same among people with an
unknown maternal and an unknown paternal status of dia-
betes, the ratio is reduced further. If, for instance, it is assumed
that 40% of subjects with unknown maternal and paternal
status of diabetes in reality had a positive history, the ratio of
a maternal history to a paternal history would be 1.5 and 1.2
among diabetic and non-diabetic participants, respectively.

Effect of a maternal and paternal history of diabetes
when an unknown parental status is included
in the model

Table 3 shows the OR for the association between personal
diabetes and a maternal and paternal history of diabetes with
various degrees of adjustment allowing for negative, unknown
and positive parental history responses. A negative parental
history was coded as the reference group and the maternal and
paternal history variables were entered into the model simul-
taneously in order to adjust the effects for each other. The effect
of a positive maternal history of diabetes was stronger than
the effect of a positive paternal history of diabetes if the model
was not adjusted for other covariables. However, adjustment
for age considerably changed the OR and there was no longer
a difference in the effect estimate of a positive maternal and a
positive paternal history of diabetes. Further adjustment for
gender and survey had only a marginal impact on the OR. A
positive maternal history of diabetes was associated with a
2.9 times increased risk of diabetes while a positive paternal
history was associated with a 2.8 times increased risk in the age-,
gender- and survey-adjusted model. The OR were 1.3 and 1.5 for
an unknown maternal and paternal status respectively. Results
were very similar if variables for maternal and paternal history
of diabetes were entered into separate models (data not shown).

There was no significant interaction between the effects of a
maternal or a paternal history of diabetes and gender and
between a maternal and paternal history of diabetes (P = 0.15
for maternal history * gender; P = 0.21 for paternal history *
gender; P = 0.21 for maternal history * paternal history), there-
fore, only main effects are reported.

Effect of a maternal and paternal history of diabetes
after exclusion of persons with an unknown
parental status

When we excluded anyone with an unknown maternal or
paternal status of diabetes, the OR for the association between
a positive maternal and paternal history of diabetes with pre-
valent diabetes were very similar to the OR obtained for all
participants. (Age-, survey- and gender-adjusted OR for a
positive maternal history of diabetes: 2.8, 95% CI : 2.2-3.5; for
a positive paternal history of diabetes: 3.0, 95% CI : 2.2-4.1).

Effect of a maternal and paternal history of diabetes

after classifying ‘I don’t know’ responses

as ‘negative’

When all those with an unknown parental status of diabetes
were classified as ‘negative’, the OR for the association between
a positive maternal and paternal history of diabetes and pre-
valent diabetes were reduced, but the effect estimates of a
maternal and paternal history of diabetes were of still similar
magnitude. (Age-, survey- and gender-adjusted OR for a
positive maternal history of diabetes: 2.7, 95% CI : 2.2-3.3; for
a positive paternal history of diabetes: 2.5, 95% CI : 1.9-3.4).

Discussion

The mode of inheritance of type 2 diabetes is still under dis-
cussion. Several studies have suggested marked excess maternal
transmission1™222 which has fuelled efforts to identify aetio-
logical mechanisms consistent with these observations. These
include mitochondrial inheritance paternal 6-8 genetic imprint-
ing9 and environmental mechanisms such as a diabetic intra-
uterine environment!® and behavioural risk factors passed on
preferentially by the mother.11713 Although, these mechanisms
may be relevant in the transmission of diabetes mellitus, the ex-
cess of maternal transmission of diabetes may be much smaller
than previously assumed. Our data show that the previously
observed dominant maternal role can be partly explained by
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several biases such as reporting bias, censoring bias or selection
bias. Furthermore, we have demonstrated that the analysis
strategy can have a significant impact on the conclusion con-
cerning the transmission of diabetes.

In our data, as in most of the previous studies which
concluded that there was marked excess maternal transmission
of diabetes, 1245 the frequency of a positive maternal history
of diabetes was about twice as common as the frequency of a
positive paternal history of diabetes when we ignored unknown
parental status i.e. classified people with unknown parental
status as ‘negative’. However, reporting bias most likely con-
tributed to the observed differences since unknown paternal
status of diabetes was about twice as common as unknown
maternal status of diabetes. Similar tendencies concerning differ-
ences between the frequency of an unknown maternal and
paternal status of diabetes have been observed in two American
studies.22:23 We tried to quantify the impact of unknown parental
status on the observed prevalences by randomly assigning either
a positive or a negative parental history to those with unknown
status. When we assumed that the percentage of parents with
a true positive parental history was 40% among those with
unknown maternal or paternal status the maternal excess was
reduced. Although we cannot be sure that the prevalence of
a positive parental history was the same among those with
unknown maternal and those with unknown paternal status it
seems relatively likely because the adjusted OR for the risk of
diabetes were of similar magnitude for both groups compared to
people with a negative history.

In addition to reporting bias, censoring bias most likely had an
impact on the observed results as suggested earlier by Cox.19
Age at death was considerably lower for fathers than for mothers
(65.4 = 14.9 years versus 69.4 + 14.5 years, data not shown).
Furthermore, the percentage of deceased fathers was signifi-
cantly higher than the percentage of deceased mothers (66.0%
versus 48.3%, data not shown). Males are more likely than
women to die of cardiovascular disease (CVD) at an earlier age.
Since type 2 diabetes, lipid abnormalities and CVD may have a
common aetiological basis,2* it seems likely that a higher per-
centage of fathers may have died before they developed
clinically manifest diabetes mellitus.

Furthermore, the hypothesis that biases could explain the
maternal transmission hypothesis is also supported by the
observation that the difference in the frequency between a
positive maternal and paternal history of diabetes was smaller in
younger subjects. The biases described above were less likely to
occur among younger people since an unknown parental status
of diabetes was less common and fewer parents were deceased.

Finally, our results are supported by the fact that, in two
studies in which parental history of diabetes was not only
assessed by questionnaire but by medical examination of the
parents,l‘l’15 the prevalence of a positive maternal and paternal
history of diabetes was quite similar.

In extension to most previous studies our study comprised
diabetic and non-diabetic participants. Therefore, it was possible
to determine the frequencies of a positive maternal and paternal
history of diabetes among non-diabetic subjects. Since the age-
specific prevalence of diabetes was slightly higher among men
than among women in our study population (data not shown)
one would expect a similar or even higher frequency of a
positive paternal than maternal history of diabetes among

non-diabetic subjects if no biases influence the results.
However, a positive maternal history of diabetes was also more
common among non-diabetic participants. This is another
indication that biases may have lead to an underestimation of a
positive paternal history of diabetes.

One approach to reduce the impact of those biases which
operate to a similar extent among diabetic and non-diabetic
participants is the calculation of the OR as a measure of the
relative risk. When we analysed our data with a multiple logistic
regression model simultaneously entering a maternal and
paternal history of diabetes, age, gender and survey into the
model, we obtained OR which were quite similar for the effect
of a positive maternal or paternal history of diabetes. The OR is
defined as the ratio of the odds that the cases (i.e. people with
diabetes) were exposed (i.e. had a positive parental history) to
the odds that the controls (i.e. people without diabetes) were
exposed. Therefore, biases which lead to an underestimation
of the frequency of a positive paternal history of diabetes by a
certain percentage among diabetic and among non-diabetic
subjects will only marginally affect the OR even though the
absolute percentages may be considerably lower. Few studies
trying to quantify the impact of a maternal or paternal history
of diabetes on the occurrence of diabetes have reported OR as
the measure of effect presumably because most studies included
only diabetic participants. In a Swedish study conducted in men
aged 35-54 yearsl? a maternal and a paternal history of diabetes
were each associated with a 4.4 times higher risk of diabetes
while the risk was 8.5 times higher if both parents had diabetes.
For this analysis 27.4% of subjects with incomplete family
history information had been excluded which may explain the
relatively high OR. Mitchell et al.25 also observed similar OR
for a positive maternal and paternal history of diabetes among
men, whereas an excess maternal effect was observed among
women. An excess maternal transmission was also suggested by
a Taiwanese study in which OR were calculated to quantify the
effect.3 However, this study was relatively small and there was
a considerable overlap between the confidence intervals for the
effect of a positive maternal and a positive paternal history of
diabetes.

In summary, the results of our study demonstrate that dif-
ferent analytical approaches and classification schemes for
parental history variables can lead to conflicting conclusions
concerning excess maternal transmission of diabetes. Overall,
our findings do not support a strong excess maternal role in the
development of type 2 diabetes in the offspring. Future studies
should assess the validity of reported parental history
information and try to quantify the effect of potential biases in
order to further clarify the pattern of transmission of type 2
diabetes.
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* Unknown paternal status of diabetes was about twice as common as unknown maternal status.

 Analysis decisions concerning the classification of people with unknown parental status of diabetes can
considerably influence the results concerning the transmission of diabetes.

* Odds ratios for the association between diabetes and self-reported maternal and paternal history of diabetes were

strongly confounded by age of the subjects.

e The previously observed maternal excess in the transmission of diabetes can be partly explained by reporting and

censoring bias.
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