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Introduction

A family history of type 2 diabetes (T2DM) in a first-degree
relative including a parent or sibling is a strong independent risk
factor for T2DM, with greater than two-fold excess risk having an
affected parent or sibling compared to no family history [1–4]. Of
major public health importance, Americans of African ancestry (AA)
have rates of T2DM that are up to two times higher than Americans
of European ancestry (EA) [5–7] and are at greater risk of diabetes-
associated complications [8–10]. Differences in T2DM risk factors,
including age, race, fasting plasma glucose levels, obesity and
sedentary lifestyle are in general thought to represent as much as

45% of the observed racial disparity in the disease [11,12]. Most
genetic research has focused on EA populations that show a
heritability estimate of 72% including a large meta-analysis of
international twin registries [13]. The limited data in AA also show
strong evidence of heritability with observed clustering of T2DM
within families [14]. However, no particularly robust genetic signals
that are common to both races have been found to date that would
account for any differential T2DM risk by race [15]. A greater risk
from maternal T2DM compared to paternal diabetes has been
reported in EA, yet little is known about relative kinship risk in AA
[16–19]. To date, no studies have examined whether differences in
the numberor kinship of affected relatives differentially impacts the
risk of incident T2DM in persons of different races.

We hypothesized that specific family patterns of prevalent
T2DM may be race specific in explaining the much higher
incidence of T2DM in AA compared to EA populations. We thus
examined the extent to which patterns of family history, including
the kinship, sex of the affected relatives and the number of affected
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A B S T R A C T

Aim. – Type 2 diabetes (T2DM) in a first-degree relative is a risk factor for incident diabetes. Americans

of African ancestry (AA) have higher rates of T2DM than Americans of European ancestry (EA). Thus, we

aimed to determine whether the presence, number and kinship of affected relatives are associated with

race-specific T2DM incidence in a prospective study of participants from the Genetic Study of

Atherosclerosis Risk (GeneSTAR), who underwent baseline screening including a detailed family history.

Methods. – Nondiabetic healthy siblings (n = 1405) of patients with early-onset coronary artery disease

(18–59 years) were enrolled (861 EA and 544 AA) and followed for incident T2DM (mean 14 � 6 years).

Results. – Baseline age was 46.2 � 7.3 years and 56% were female. T2DM occurred in 12.3% of EA and 19.1%

of AA. Among EA, 32.6% had � 1 affected first-degree relatives versus 53.1% in AA, P < 0.0001. In fully

adjusted Cox proportional hazard analyses, any family history was related to incident T2DM in EA (HR = 2.53,

95% CI: 1.58–4.06) but not in AA (HR = 1.01, 0.67–1.53). The number of affected relatives conferred

incremental risk of T2DM in EA with HR = 1.82 (1.08–3.06), 4.83 (2.15–10.85) and 8.46 (3.09–23.91) for 1, 2,

and � 3 affected, respectively. In AA only � 3 affected increased risk (HR = 2.45, 1.44–4.19). Specific kinship

patterns were associated with incident T2DM in EA but not in AA.

Conclusions. – The presence of any first-degree relative with T2DM does not discriminate risk in AA

given the high race-specific prevalence of diabetes. Accounting for the number of affected relatives may

more appropriately estimate risk for incident diabetes in both races.
�C 2018 Elsevier Masson SAS. All rights reserved.

Abbreviations: AA, African American; BMI, body mass index; CAD, coronary artery

disease; EA, European American; HDL, high density lipoprotein; LDL, low density

lipoprotein; T2DM, type 2 diabetes.
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family members was associated with the risk of incident T2DM by
race in a prospective study of apparently healthy EA and AA
individuals from identified families.

Methods

Sample and recruitment

The study population consisted of asymptomatic, healthy
siblings from AA and EA families in the ongoing GeneSTAR family
cohort where a family index case had documented early-onset
coronary artery disease (CAD) as previously described [20]. Index
cases did not participate in the longitudinal study but apparently
healthy siblings were enrolled from 1983 through 2007 if they
were less than 60 years of age and had no known history of CAD.

A total of 1640 siblings were enrolled from 1983 to 2007. We
excluded all siblings with known diabetes (history of diabetes and/
or use of glucose-lowering medications (n = 128) or newly
diagnosed diabetes (fasting plasma glucose level � 7 mmol/L or
126 mg/dL) at the time of baseline screening (n = 42). We also
excluded individuals with missing diabetes status at baseline
(n = 20) or follow-up (n = 45). These individuals were, however,
included in family history enumerations. There were no differences
in age, sex, African American ancestry, follow-up time or the
prevalence of a family history between participants included in the
study compared to individuals excluded for missing diabetes status.
Thus, the sample included 1405 initially nondiabetic siblings
(including 861 EA and 544 AA), representing 763 different families.
The study was approved by the Johns Hopkins Medicine Institu-
tional Review Board and all participants gave informed consent.

Baseline screening

Participants underwent a comprehensive baseline risk factor
screening following a 12-hour overnight fast. Medical history and
current medication use were elicited. Detailed pedigrees and family
T2DM history were obtained. Height was determined using a fixed
stadiometer and weight was measured on a balance scale with the
subject wearing light clothing and no shoes. Body mass index (BMI)
was calculated as kg/m2. Blood pressure was measured three times
over the course of the 8-hour day in accordance to the American
Heart Association guidelines. Hypertension was defined as an
average blood pressure � 140 mmHg systolic, or � 90 mmHg
diastolic, and/or use of an antihypertensive drug. Blood was
obtained and total cholesterol, high-density lipoprotein (HDL)
cholesterol, and triglyceride levels were measured using the United
States Centres for Disease Control standardized methods [21]. Low-
density lipoprotein (LDL) cholesterol was estimated using the
Friedewald formula [22]. Glucose levels were measured using the
glucose oxidase method [23]. T2DM was defined as a physician-
diagnosed history, a measured fasting plasma glucose level � 7 m-
mmol/L, and/or use of prescribed glucose-lowering medications. In
order to assess physical fitness level, all participants underwent a
maximal graded treadmill test using a modified Bruce protocol.
Maximum metabolic equivalent of task (MET) level and treadmill
time was recorded. Total MET minutes were calculated as the
product of minutes performed �MET level for each escalating stage
during the treadmill test. Smoking status was assessed by self-
report and confirmed by exhaled carbon monoxide (CO), where
participants who reported no current smoking but who had exhaled
CO � 8 ppm were reclassified as current smokers.

Follow-up screening and assessment of incident T2DM

Participants were followed for the development of T2DM. A
standardized instrument was administered every five years via

postal mail or via telephone by a trained interviewer to elicit a
history of a new diabetes diagnosis and/or the use of medications
for diabetes. T2DM was the primary event endpoint. Incident
T2DM was assessed at follow-up visits using the same definition
for diabetes as described at the baseline-screening visit.

Statistical analyses

Statistical analyses were performed using SAS version 9.2 and R
version 3.1.2. Variables were examined for skewness and kurtosis
and log-transformed to normality as needed. For continuous
variables, frequencies, means and standard deviations were
examined. For bivariable analyses among continuous variables,
the t-test and ANOVA were used; contingency table arrays and the
x2 statistic were used for the examination of relationships
between categorical variables. Laboratory values were expressed
using conventional units. Kaplan–Meier survival curves for
incident T2DM were used to examine the unadjusted relationship
of the number of first-degree relatives affected with T2DM to the
outcome, incident T2DM, separately for EA and AA. Cox
proportional hazard modelling incorporating a kinship matrix in
the R coxme package was performed for incident T2DM with the
covariates age, sex, race, any family history of T2DM and an
interaction term of race and family history. Cox proportional
hazard models predicting incident T2DM were performed strati-
fied by race to examine the predictive significance of:

� any affected first degree relative;
� the number of affected relatives, adjusting for age and sex

(Model 1);
� then age, sex, current smoking status, systolic blood pressure,

fasting serum glucose, HDL cholesterol, triglycerides, BMI and
physical fitness level (Model 2).

Similar hazard models were performed separately for specific
affected kinship patterns, including any parent, maternal only,
paternal only, both parents, any sibling, parent and sibling, females
only, males only, and both female and male family histories, all
compared to no history.

Results

Baseline population demographics

Table 1 shows the baseline sample characteristics and follow-
up time by race and incident type 2 diabetes status. Overall, 12.3%
of EA and 19.1% of AA developed T2DM during follow-up
(P = 0.0005 for racial difference), although follow-up times were
shorter for AA. Incident T2DM at 10 years was 4.0% for EA and
13.8% for AA (P < 0.0001 for n = 1084 with 10-year follow-up). The
rate of T2DM per 1000 person years in our study was 8.1 in EA and
16.3 in AA. AA females had the highest incidence of T2DM that was
almost double that of EA females who had the lowest incidence
(20.5% versus 10.8%, P = 0.0002). The incidence of T2DM was 16.4%
in AA males and 13.8% in EA males. In both races, hypertension,
higher baseline BMI, fasting glucose and triglycerides as well as
lower HDL cholesterol and physical fitness level (total MET
minutes) were significantly associated with incident T2DM. In EA,
older age, current smoking status and higher total and LDL
cholesterol were also associated with incident T2DM. Interestingly,
there was no significant racial difference in baseline fasting glucose
level among those subjects who developed T2DM. However,
obesity (BMI � 30 kg/m2) was much more prevalent in AA
compared to EA among those with incident T2DM (69 versus
43%, P = 0.0005) or without (45 versus 24%, P < 0.0001).
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Race, family history and incident type 2 diabetes

The overall prevalence of a positive family history of T2DM was
higher in AA compared to EA (53.1 versus 32.9%, P < 0.0001). Table
2 shows the prevalence of family history patterns by the number
and kinship of affected first-degree relatives in AA and EA. Having
any affected first-degree relative was significantly more common
among those with incident T2DM in both races (49.1% in EA, 63.5%
in AA) compared to those without incident T2DM. Additionally, in
EA, the prevalence of 1, 2 or � 3 affected first-degree relatives was
significantly higher in those with incident T2DM compared to
those without incident T2DM. However, AA had a higher
prevalence of � 3 affected first degree relatives compared to EA
(P < 0.0001), particularly among those who developed incident
T2DM, including 23.1% of AA with� 3 affected first degree relatives

compared to only 8.5% of EA. Within AA, the presence of
� 3 affected first-degree relatives was the only significant
discriminator of incident diabetes by the number of affected
relatives compared to those with no family history (P < 0.0001).

Regarding kinship of affected family members, maternal history
was most prevalent among those with incident T2DM in EA (27.4%)
and AA (42.3%) compared to any other kinship pattern. Interest-
ingly, paternal history of T2DM did not differ between those with
and without incident T2DM in EA but did differ by incident
diabetes status in AA. An exclusively female history of T2DM was
more common among those with versus without incident T2DM in
EA but not in AA. In fact, nearly half of EA with incident T2DM who
had a positive family history had a female history of T2DM alone.
The combination of having both affected female and male first-
degree relatives was a more common familial pattern in AA (27.9%)
than in EA (18.9%) with incident T2DM.

Table 2
Family history definitions of type 2 diabetes by incident type 2 diabetes status, in European Americans and African Americans (n = 1.405).

European American African American

No incident diabetes

n = 755

Incident diabetes

n = 106

Within EA

P-value

No incident diabetes

n = 440

Incident diabetes

n = 104

Within AA

P-value

Any first-degree relative, n (%) 229 (30.3) 52 (49.1) <0.0001 223 (50.7) 66 (63.5) 0.02

Number of affected first-degree relatives, n (%)

None 526 (69.7) 52 (49.1) Reference 217 (49.3) 38 (36.5) Reference

1 175 (23.2) 33 (31.1) 0.006 127 (28.9) 24 (23.1) 0.79

2 45 (6.0) 12 (11.3) 0.004 75 (17.1) 18 (17.3) 0.32

3 or more 9 (1.2) 9 (8.5) <0.0001 21 (4.8) 24 (23.1) <0.0001

Any parent affected, n (%) 154 (20.4) 41 (38.7) <0.0001 146 (33.2) 48 (46.2) 0.01

Maternal history, n (%) 81 (10.7) 29 (27.4) <0.0001 128 (29.1) 44 (42.3) 0.009

Paternal history, n (%) 83 (11.0) 16 (15.1) 0.22 56 (12.7) 30 (28.9) <0.0001

Both parents affected, n (%) 5 (0.7) 2 (1.9) 0.21 19 (4.3) 13 (12.5) 0.001

Any full sibling affected, n (%) 114 (15.1) 28 (26.4) 0.003 126 (28.6) 44 (42.3) 0.007

�2 full siblings affected, n (%) 12 (1.6) 9 (8.5) <0.0001 27 (6.1) 21 (20.2) <0.0001

Generation(s) of family history, n (%)

None 526 (69.7) 52 (49.1) <0.0001 217 (49.3) 38 (36.5) <0.0001

Parental only 115 (15.2) 26 (24.5) 97 (22.1) 22 (21.2)

Sibling only 70 (9.3) 11 (10.4) 58 (13.2) 5 (4.8)

Parental and sibling 44 (5.8) 17 (16.0) 68 (15.5) 39 (37.5)

Sex concordance of family history, n (%)

No family history 526 (69.7) 52 (49.1) <0.0001 217 (49.3) 38 (36.5) 0.007

Female history only (mother and/or sister) 86 (11.4) 24 (22.6) 111 (25.2) 26 (25.0)

Male history only (father and/or brother) 118 (15.6) 20 (18.9) 49 (11.1) 11 (10.6)

Both female and male history 25 (3.3) 10 (9.4) 63 (14.3) 29 (27.9)

Table 1
Baseline participant characteristics and follow-up time by incident type 2 diabetes status, in European Americans and African Americans (n = 1.405).

European Americans African Americans

No incident diabetes

n = 755

Incident

diabetes

n = 106

Within EA

P-value

No incident diabetes

n = 440

Incident

diabetes

n = 104

Within AA

P-value

Age, mean (SD), years 45.6 (7.6) 47.0 (6.2) 0.04 46.7 (6.9) 47.3 (7.3) 0.46

Female sex, n (%) 379 (50.2) 46 (43.4) 0.19 287 (65.2) 74 (71.2) 0.25

Fasting glucose, mean (SD), mmol/L 4.89 (0.57) 5.40 (0.62) <0.0001 4.94 (0.61) 5.56 (0.76) <0.0001

Current smoker, n (%) 200 (26.5) 41 (38.7) 0.009 135 (30.7) 34 (32.7) 0.69

Hypertension, n (%) 290 (38.4) 41 (62.3) <0.0001 227 (51.6) 66 (63.5) 0.03

Total cholesterol, mean (SD), mmol/L 5.80 (1.16) 6.12 (1.37) 0.03 5.47 (1.21) 5.52 (1.30) 0.71

HDL cholesterol, mean (SD), mmol/L 1.40 (0.43) 1.20 (0.38) <0.0001 1.47 (0.44) 1.25 (0.35) <0.0001

LDL cholesterol, mean (SD), mmol/L 3.69 (1.08) 3.92 (1.16) 0.048 3.47 (1.12) 3.56 (1.22) 0.46

Triglycerides, mean (SD), mmol/L 1.61 (1.23) 2.34 (1.54) <0.0001 1.18 (0.63) 1.61 (0.98) <0.0001

BMI, mean (SD), kg/m2 27.3 (5.0) 30.2 (4.8) <0.0001 30.0 (6.2) 34.4 (7.1) <0.0001

BMI category, n (%)

Normal 251 (33.3) 11 (10.4) <0.0001 89 (20.2) 6 (5.8) <0.0001

Overweight 326 (43.2) 50 (47.2) 152 (34.6) 26 (25.0)

Obese 178 (23.6) 45 (42.5) 199 (45.2) 72 (69.2)

Total MET level (MET minutes) 114.8 (50.3) 96.0 (46.5) 0.0003 80.1 (43.1) 62.5 (35.1) <0.0001

Follow-up time, mean (SD), years 15.1 (7.2) 15.4 (5.6) 0.68 12.4 (3.2) 9.1 (3.5) <0.0001

AA: African American; BMI, body mass index; EA: European American; HDL: high-density lipoprotein; LDL: low-density lipoprotein; MET: metabolic equivalent of task; NA:

not applicable.
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Incident type 2 diabetes outcomes

Kaplan–Meier T2DM event-free survival analyses were per-
formed for the entire length of follow-up by number of first-degree
relatives affected and stratified by race (Fig. 1). In EA (panel A), an
increase in the number of affected relatives decreased event-free
survival in a dose responsive manner (log rank P-value < 0.0001).
In the first 10 years of follow-up, 25% of persons with � 3, 11.1%
with 2, 4.7% with 1 and 2.6% with no affected relatives have
developed T2DM in EA by 10 years (n = 605 with full follow-up). In
AA (panel B), there were no differences in event-free survival by
number of affected relatives. At 10 years of follow-up, there was

minimal separation in event-free survival among AA individuals
with 2, 1 or no affected first-degree relatives. However, at 15 years
of follow-up, 85% of individuals with � 3 affected relatives
developed T2DM compared to 42% with < 3 affected relatives
(log-rank P-value < 0.0001).

Cox proportional hazard analyses of incident type 2 diabetes

Cox proportional hazard analysis exploring the relationship of
any family history of T2DM to incident T2DM with the covariates
age, sex, race, any family history and an interaction term of race
and any family history showed significant racial differences

[(Fig._1)TD$FIG]

Fig. 1. Kaplan–Meier T2DM event-free survival by ancestry and number of first degree relatives affected. A. European American: the number of affected relatives decreased

event-free survival in a dose responsive manner (log rank P-value < 0.0001). B. African American: at 15 years of follow-up, 85% of individuals with � 3 affected relatives

developed T2DM compared to 42% with < 3 affected relatives (log-rank P-value < 0.0001).
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(interaction P-value with race = 0.02). Thus, Cox proportional
hazard analyses of incident T2DM were performed stratified by
race. The presence of any affected first degree relative (Table 3A)
was significantly associated with incident T2DM in EA adjusting
for age and sex (Model 1; HR = 3.49, 95% CI: 2.18–5.58, P = 0.007)
and remained significant after further adjusting for additional risk
factors (Model 2; HR = 2.53, 95% CI: 1.58–4.06, P = 0.0001). Any
family history showed a weaker non-significant association with
incident T2DM in AA in the base model (Model 1; HR = 1.54, 95% CI:
0.98–1.24, P = 0.06) but this association was attenuated after
further adjustment (Model 2; HR = 1.01, 95% CI: 0.67–1.53,
P = 0.97).

In EA, the strength of family history (Table 3B) showed a dose
response relationship with incident T2DM; the hazard ratio
increased from 1.82 (95% CI: 1.08–3.06, P = 0.02) with one affected
first degree relative to 8.46 (95% CI: 3.09–23.91, P < 0.0001) with
� 3 affected relatives in the fully adjusted model. In AA, family
history was only a significant predictor of incident T2DM if� 3 first
degree relatives were affected with a hazard ratio of 2.45 (95% CI:
1.44–4.19, P = 0.001) in the fully adjusted model.

Table 3A
Cox proportional hazards models for incident type 2 diabetes by number of affected first-degree relatives and kinship patterns, in European Americans and African

Americansa. A. Any affected first-degree relative.

European American African American

Hazard 95% CI P-value Hazard 95% CI P-value

Model 1

Age (per 5 year increments) 1.25 1.06–1.47 0.007 1.11 0.95–1.30 0.17

Female sex 1.02 0.66–1.60 0.92 1.39 0.87–2.22 0.16

Any affected relative 3.49 2.18–5.58 <0.0001 1.54 0.98–2.41 0.06

Model 2

Age (per 5 year increments) 1.18 0.99–1.41 0.07 1.05 0.90–1.23 0.51

Female sex 1.34 0.76–2.35 0.31 1.31 0.79–2.15 0.29

Current smoking 2.10 1.30–3.39 0.003 1.32 0.84–2.08 0.22

SBP (per 10 mmHg) 1.10 0.94–1.30 0.23 0.92 0.80–1.05 0.21

Fasting glucose (mmol/L) 2.33 1.56–3.47 <0.0001 2.82 2.06–3.85 <0.0001

HDL cholesterol (mmol/L) 0.62 0.29–1.32 0.21 0.45 0.23–0.90 0.02

Triglycerides (mmol/L) 1.09 0.96–1.25 0.19 1.12 0.91–1.39 0.29

Body-mass-index (kg/m2) 1.11 1.06–1.16 <0.0001 1.06 1.02–1.09 0.001

Total MET level (per 10 MET minutes) 0.97 0.91–1.03 0.32 0.94 0.88–1.01 0.08

Any affected relative 2.53 1.58–4.06 0.0001 1.01 0.67–1.53 0.97

HDL: high-density lipoprotein; SBP: systolic blood pressure.
a Incorporating kinship matrix.

Table 3B
Cox proportional hazards models for incident type 2 diabetes by number of affected first-degree relatives and kinship patterns, in European Americans and African

Americansa. B. Number of affected first-degree relatives.

European American African American

Hazard 95% CI P-value Hazard 95% CI P-value

Model 1

Age (per 5 year increments) 1.20 1.03–1.41 0.02 1.09 0.93–1.27 0.28

Female sex 1.03 0.67–1.59 0.90 1.52 0.96–2.40 0.08

1 Affected relative 2.43 1.45–4.05 0.0007 0.97 0.56–1.70 0.92

2 Affected relatives 7.72 3.48–17.10 <0.0001 1.27 0.70–2.34 0.43

�3 Affected relatives 11.13 3.98–31.11 <0.0001 4.69 2.60–8.46 <0.0001

Model 2

Age (per 5 year increments) 1.14 0.96–1.36 0.15 1.06 0.90–1.25 0.51

Female sex 1.43 0.82–2.51 0.21 1.26 0.76–2.09 0.36

Current smoking 2.16 1.34–3.47 0.002 1.48 0.94–2.31 0.09

SBP (per 10 mmHg) 1.11 0.94–1.30 0.22 0.91 0.80–1.01 0.14

Fasting glucose (mmol/L) 2.45 1.64–3.67 <0.0001 2.84 2.05–3.92 <0.0001

HDL cholesterol (mmol/L) 0.67 0.32–1.42 0.30 0.53 0.27–1.04 0.06

Triglycerides (mmol/L) 1.10 0.97–1.26 0.14 1.08 0.89–1.31 0.44

Body-mass-index (kg/m2) 1.10 1.05–1.15 <0.0001 1.06 1.03–1.10 0.0004

Total MET level (per 10 MET minutes) 0.98 0.92–1.04 0.45 0.95 0.88–1.02 0.12

1 Affected relative 1.82 1.08–3.06 0.02 0.73 0.43–1.23 0.22

2 Affected relatives 4.83 2.15–10.85 0.00001 0.81 0.45–1.44 0.47

�3 Affected relatives 8.46 3.09–23.91 <0.0001 2.45 1.44–4.19 0.001

a Incorporating kinship matrix.

Table 3C
Cox proportional hazards models for incident type 2 diabetes by number of affected

first-degree relatives and kinship patterns, in European Americans and African

Americansa. C. Affected kinship patternsb.

European American African American

Hazard 95% CI P-value Hazard 95% CI P-value

Any parent 3.21 1.89–5.46 <0.0001 1.03 0.66–1.61 0.89

Maternal only 3.59 2.25–6.77 <0.0001 0.85 0.51–1.41 0.52

Paternal only 3.32 1.54–7.16 0.002 1.81 0.97–3.36 0.06

Both parents 26.17 3.60–190.12 0.001 2.10 0.98–3.85 0.06

Any sibling 2.62 1.42–4.82 0.002 1.07 0.68–1.69 0.76

Parent and sibling 7.11 3.32–15.44 <0.0001 1.47 0.92–2.36 0.11

Females only 1.84 0.95–3.56 0.07 0.77 0.45–1.31 0.34

Males only 2.73 1.43–5.20 0.002 0.80 0.39–1.65 0.54

Both female and male 8.52 3.19–22.74 <0.0001 1.29 0.77–2.15 0.34

a Incorporating kinship matrix.
b Compared to no family history by race, adjusting for age, sex, current smoking

status, systolic blood pressure, fasting glucose, HDL cholesterol, triglycerides, body-

mass-index and physical fitness level (total MET minutes achieved).
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Separate fully adjusted Cox proportional hazard analyses of
incident T2DM were performed for specific affected kinship
patterns (Table 3C). In EA, maternal only, paternal only and any
sibling T2DM history were significantly and independently
associated with incident T2DM with similar hazards of 3.59
(95% CI: 2.25–6.77), 3.32 (1.54–7.16) and 2.62 (1.42–4.82),
respectively. The highest hazards for incident T2DM in EA were
observed with both parents affected, a parent and sibling affected,
and both female and male family members affected with hazards
of 26.17 (3.60–190.12), 7.11 (3.32–15.44), and 8.52 (3.19–22.74),
respectively. In AA, only the pattern of having both parents affected
neared statistical significance for an association with incident
T2DM (HR = 2.10, 0.98–3.85).

Discussion

The major findings of this study did not support our a priori
hypothesis that race specific family patterns of prevalent T2DM
may explain the much higher incidence of T2DM in AA compared
to EA populations, although we found not only that the
relationship of any positive family history as a dichotomous
variable to incident T2DM differs by race, but also that the number
and kinship of affected first-degree relatives with T2DM differen-
tially predicts the development of T2DM in EA versus AA. Most
importantly, we found that any positive family history was almost
the ‘‘norm’’, with over half of AA participants having at least one
affected first degree relative and a quarter with � 3 affected
relatives. In fact, statistically family history was not an indepen-
dent risk factor for T2DM in AA unless multiple family members
(� 3) were known to be affected given this saturated family
structure. In comparison, the number of affected relatives showed
a dose–dependent relationship with incident risk of T2DM in EA
even after adjustment for other known risk factors. Consequently,
our findings emphasize the epidemic of prevalent and incident
diabetes in African American families and have important
implications for diabetes risk assessment and prediction in
multi-ethnic populations.

Our population, all of whom are siblings with a family history of
early onset CAD, had a high prevalence of affected family members
with T2DM as well as CAD risk factors. The higher background
prevalence of any affected family member in AA families compared
to EA families likely explains our finding of the limited prognostic
utility of a weaker positive family history (i.e. 1 or 2 affected
relatives) in the risk of incident T2DM. For example, in a population
of persons with similar age, the Coronary Artery Risk Development
Study in Young Adults (CARDIA) study [24] reported a prevalence
of parental history of T2DM of 14.3% in EA and 22.8% in AA
compared to 22.6% and 35.7% in our study, respectively. Notably,
higher BMI, which was strongly associated with incident T2DM in
EA and AA, and obesity were markedly more prevalent in AA
compared to EA. It is possible that race-specific adverse
environmental factors such as unhealthy diet and lack of exercise
contributed greatly to the high prevalence of T2DM in AA families,
thus diminishing the effect of relatedness.

The results of our study for European Americans with one or
two affected first-degree relatives is similar to findings from other
studies. The recent European Prospective Investigation into Cancer
and Nutrition (EPIC)-InterAct Study of incident T2DM in almost
14,000 predominantly white Europeans found that a family history
of a first-degree relative conferred a hazard ratio of 2.72 but a
biparental history increased the hazard ratio to 5.14 [1]. Although
this study did not specifically examine the number of affected first-
degree relatives, all types of affected kinship increased risk,
including affected mothers, fathers and siblings. These parental
hazard ratios are similar to our findings in EA for having one

(hazard ratio of 2.43) or two affected relatives (hazard ratio of
7.72). In a population from France, Balkau et al. (2017) [25]
recently reported that having either a mother or father with
diabetes was significantly associated with incident T2DM in
daughters but not sons and, similarly, that having a first-degree
relative with diabetes was significantly associated with incident
diabetes in women but not men. The results of our U.S. study differ
in that having a first-degree relative with diabetes was signifi-
cantly associated with incident diabetes in both EA males and
females when analyses were stratified by sex [fully adjusted
hazard ratio (95% CI) was 2.75 (1.56–4.87) and 2.28 (1.08–4.79) in
males and females, respectively]. Using a large multi-ethnic cohort,
Karter et al. [17] found that the prevalence of T2DM in EA and AA
was higher in offspring of affected mothers than affected fathers
but having both affected parents almost doubled the risk. Although
excess maternal risk has been reported in other studies [16,18,19],
results have been inconsistent. In the Framingham Offspring Study,
Meigs et al. [2] found equal risk ratios for maternal versus paternal
transmission. Our study similarly shows that, in EA, the specific
kinship hazards were similar by affected maternal, paternal, or
sibling history of T2DM. However, our study further demonstrates
that a history of multiple affected relatives is associated with a
dose–dependent relationship for developing diabetes in EA. To our
knowledge, no previous studies have specifically investigated the
presence of a dose–dependent association of the number of
affected first-degree relatives with development of type 2 diabetes
in AA.

The observed racial differences in family history pedigrees of
T2DM and associated race-specific risk of T2DM suggest that
genetic factors may contribute to these disparities. For example, in
a large-scale admixture genetic analysis in African Americans,
Cheng et al. [26] found that greater African ancestry was
significantly associated with T2DM after controlling for BMI and
socioeconomic variables. However, there remains a paucity of
genomic studies for T2DM in AA and most common genetic
variants discovered so far in populations of European ancestry, fail
to replicate in African Americans [15]. It is possible that AAs carry
gene variants putatively associated with T2DM but are so frequent
with relatively large effect sizes that they would require targeted
or very large study populations to be identified. Analogous to the
thrifty gene variant in CREBRF that strongly affects BMI almost
exclusively in Samoans [27], a common gene variant with strong
environmental interactions in persons of African ancestry but rare
in other populations, could explain a high genetic penetrance of
T2DM in African Americans and why family history screening is
only effective if multiple family members are affected, but this
requires further investigation.

While most current risk prediction models for type 2 diabetes
include the presence of any affected first-degree relative [28], there
is a lack of specific discrimination of risk by the number of affected
relatives or kinship, both of which are important particularly for
EAs in our study. Our findings suggest that screening for T2DM
could be potentially improved by accounting for the apparent dose
effect conferred by the number of affected family members for EAs,
the apparent dose threshold of 3 or more affected relatives in AAs
and the relative frequency of race-specific kinship patterns. Future
studies should investigate the performance of risk prediction
models for type 2 diabetes with the inclusion of additional
information regarding the number and kinship of affected first-
degree relatives.

Strengths of our study include a well-characterized cohort with
detailed information on family history patterns of T2DM. We
included families from both EA and AA ancestry to uniquely study
race-specific differences in family history patterns in association
with incident T2DM during an extended follow-up period. A
limitation is that our study is comprised of high risk individuals
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identified from families with early-onset coronary artery disease
that may not be generalizable to other populations. For compari-
son, the rate of T2DM per 1000 person years in our study was 8.1 in
EA and 16.3 in AA compared to 8.3 and 12.3 in EA and AA,
respectively, in the Multi-Ethnic Study of Atherosclerosis [29]. Al-
though participants were screened for the presence of diabetes at
baseline using fasting plasma glucose levels, these laboratory
measures were not collected at all follow-up visits and incident
diabetes was identified by self-report. We also followed-up
incident T2DM at 5 year intervals. AA overall had a shorter
follow-up duration compared to EA. Although EA and AA were
recruited, screened and followed using the same protocols, AA
recruitment was enriched 10 years after the onset of the overall
study through a targeted funding mechanism granted by the
National Institutes of Health. We did not have information on
gestational diabetes or polycystic ovarian syndrome, both risk
factors for the development of T2DM. We used fasting glucose and
did not have haemoglobin A1c to define T2DM and thus may have
underdiagnosed individuals at baseline and follow-up. Information
on usual physical activity was not collected, however, physical
fitness level on treadmill testing was assessed and included in our
study.

Conclusions

The significance of family history to the risk of incident T2DM
differs between EA and AA individuals from high risk CAD families.
Whereas Americans of European ancestry demonstrate a dose–
dependent risk association, Americans of African ancestry have a
much more saturated positive family history structure that
diminishes the ability to discriminate at risk persons unless
multiple family members are affected. This finding alone should
lead to essential public health efforts targeting diabetes prevention
in African Americans. Further research of genetic, biological and
environmental mechanisms leading to racial differences and a
better understanding of the relationship between family history
and incident T2DM in other races and ethnicities should also lead
to better preventive strategies.
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