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To assess whether an increased genetic predisposition for type 2 diabetes mellitus (T2DM) infl uences the con-
tributions of insulin resistance and impaired insulin secretion to impaired glucose tolerance (IGT), 437 subjects 
not known to have T2DM underwent an oral glucose tolerance test and a 3-hour hyperglycemic clamp. Plasma 
insulin responses and insulin sensitivity were compared between all subjects (unselected for demographic or an-
thropometric characteristics) who had normal glucose homeostasis and no fi rst-degree T2DM relative (n = 133), 
IGT with a fi rst-degree T2DM relative (IGT/FH+, n = 74), or IGT without a fi rst-degree T2DM relative (IGT/FH−, 
n = 50). Compared with those with normal glucose homeostasis, fi rst- and second-phase plasma insulin responses 
were reduced approximately 45% and 30%, respectively (both P b 0.001), in IGT/FH+, whereas insulin sensitivity 
was only approximately 20% reduced (P = 0.011). In contrast, in IGT/FH−, fi rst-phase plasma insulin responses 
were only approximately 20% reduced (P = 0.016), second-phase plasma insulin responses were not reduced, but 
insulin sensitivity was approximately 40% reduced (P b 0.001). The IGT/FH+ group differed signifi cantly from the 
IGT/FH− group by having 25% to 30% lower fi rst-phase plasma insulin responses (P = 0.026) and 25% to 30% 
greater insulin sensitivity (P = 0.027). Adjustment for obesity abolished the differences in insulin resistance but 
not plasma insulin responses. However, when the IGT groups were stratifi ed into subgroups based on body mass 
index (BMI), fi rst-phase plasma insulin responses were approximately 30% lower in IGT/FH+ with a BMI of at 
least 27 kg/m2 (P = 0.018) but similar in IGT/FH+ with a BMI less than 27 kg/m2 compared with the correspon-
ding IGT/FH− subgroups. We conclude that, in IGT, an increased genetic predisposition for T2DM increases the 
contribution of impaired insulin secretion to its pathophysiology. This effect is enhanced by obesity.
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Для оценки влияния генетической предрасположенность к сахарному диабету 2-го типа (СД2) на реализацию 
механизма инсулинорезистентности и расстройств секреции инсулина в формирования нарушения толерантности к 
глюкозе (IGT) 437 субъектов без сахарного диабета прошли оральный глюкозотолерантный тест и 3-часовой гиперг-
ликемический клэмп. Независимо от демографических или антропометрических характеристик обследованных лиц 
проведено сравнение уровня инсулина в плазме и чувствительности к инсулину, среди обследованных 133 человека 
имели нормальный гомеостаз глюкозы и не являлись родственниками первой линии больных СД2, 74 имели нару-
шенную толерантность к глюкозе и по меньшей мере одного из родственников первой линии с СД2 (IGT/FH+), 50 че-
ловек, имея нарушение толерантности к глюкозе, не состояли в родстве первой линии с больными СД2 (IGT/FH–). 
По сравнению с лицами с нормальным гомеостазом глюкозы, в обеих группах обследованных уровень инсулина в 
плазме в первую и вторую фазы реакции на глюкозный стимул был снижен примерно на 45% и 30% соответственно 
(в обоих случаях P < 0,001), в группе лиц IGT/FH+ чувствительность к инсулину была лишь приблизительно на 20% 
меньше (P = 0,011). В противоположность этому, в группе IGT/FH– уровень инсулина в плазме в первую фазу реакции 
был только приблизительно на 20% меньше (P = 0,016), во вторую фазу уровень инсулина в плазме снижен не был, 
а чувствительность к инсулину была приблизительно на 40% меньше (в обоих случаях P < 0,001). Существенным 
отличием группы IGD/FH+ от IGD/FH– группы был на 25–30% более низкий уровень инсулина в плазме в первую 
фазу реакции (Р = 0,026) и на 25–30% более высокая чувствительность к инсулину (P = 0,027). Коррекция ожирения 
исключила различия в резистентности к инсулину, но не уровень инсулина в плазме. Тем не менее, когда группа лиц 
с нарушенной толерантностью к глюкозе была разделена на подгруппы с учетом индекса массы тела (ИМТ), то у 
лиц с IGT/FH+ и ИМТ не менее 27 кг/м2 уровень инсулина в плазме в первую фазу реакции был приблизительно на 
30% ниже (Р = 0,018), но не различался в группах лиц с IGT/FH+ и ИМТ менее 27 кг/м2 и с IGT/FH–. Авторы пришли 
к выводу, что при нарушенной толерантности к глюкозе генетическая предрасположенность к СД2 увеличивает 
патогенетическое участие нарушения секреции инсулина. Этот эффект усиливается ожирением.

Ключевые слова: сахарный диабет 2-го типа, генетическая предрасположенность, нарушение толерантности к 
глюкозе, инсулинорезистентность.
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Introduction
Impaired glucose tolerance (IGT) is an intermediate 

glycemic state between normality and type 2 diabetes 
mellitus (T2DM) [1]. Like T2DM, it is due to a com-
bination of impaired insulin secretion and insulin re-
sistance; but the extent by which each of these defects 
contributes to the abnormal glucose homeostasis may 
differ substantially between individuals [1–3]. Because 
IGT precedes and increases the risk for T2DM [4], the-
rapeutic strategies to halt/slow progression of IGT to 
T2DM are important and should target the predominant 
correctable underlying defect.

In normal glucose-tolerant individuals who were eit-
her the fi rst-degree relative of someone with T2DM or 
who had an identical twin with T2DM, most studies have 
found impairment in insulin secretion but less evidence 
for insulin resistance when factors such as age, sex, obe-
sity, and body fat distribution have been taken into consi-
deration [5]. Thus, in normal glucose-tolerant individuals, 
a strong genetic predisposition for T2DM seems to be 
primarily associated with β-cell dysfunction. However, 
whether an increased genetic predisposition for T2DM 
has a similar association in people with IGT is unclear.

Aim. In the present study, we therefore used the 
hyperglycemic clamp technique and compared insulin 
secretion and insulin sensitivity in a large number of 
normal glucose-tolerant subjects, IGT subjects with a 
fi rst-degree T2DM relative, and IGT subjects without a 
fi rst-degree T2DM relative.

Materials and methods
Subjects. We have systematically collected data 

from 437 individuals not known to have T2DM who un-
derwent a standard oral glucose tolerance test (OGTT) 
and a hyperglycemic clamp between 1986 and 2006. For 
inclusion, subjects had to be 18 to 70 years of age and 
in good health, and had to have normal physical exami-
nation result and normal routine laboratory test result. 
Subjects taking medications known to affect glucose 
metabolism were excluded. Out of the 437 subjects, 127 
were found to have IGT defi ned as a 2-hour postchallen-
ge plasma glucose concentration greater than or equal to 
140 mg/dL and less than 200 mg/dL [6]. Out of these, 
74 subjects reported having at least 1 fi rst-degree T2DM 
relative (IGT/FH+); and 50 subjects reported having no 
fi rst-degree T2DM relative (IGT/FH−). Three subjects 
reported that they had been adopted so that no infor-
mation on their family history of T2DM was available. 
All subjects who were found to have normal glucose 
homeostasis (fasting plasma glucose < 100 mg/dL, 
2-hour postprandial plasma glucose < 140 mg/dL) and 
a negative family history of T2DM (n = 133) served 
as controls. Information regarding family history of 
T2DM was specifi cally explored during the screening 
history and physical. Out of the 257 subjects included 
in the present analyses, 131 were studied in the United 
States, 54 in Brazil, 35 in the Netherlands, 14 in Italy, 
13 in Greece, and 10 in Finland. All subjects gave in-
formed written consent after the local Institutional Re-
view Board had approved the protocol. The results of 

the hyperglycemic clamps of some subjects have been 
included in previous reports [7–11].

Protocol. Hyperglycemic clamps were performed as 
previously described [7–11]. All subjects had been on a 
weight-maintaining diet and had abstained from alcohol 
and strenuous exercise for 3 days before the study. After 
an overnight fast, a dorsal hand vein was cannulated in a 
retrograde fashion and kept in a thermoregulated Plexiglas 
box at 65°C for sampling arterialized venous blood [12]. 
An antecubital vein was cannulated for infusion of 20% 
glucose. After a 30-minute baseline period (−30 to 0 mi-
nute), a primed (150 mg/kg body weight) 20% glucose 
infusion was given to raise plasma glucose concentrations 
acutely to 10 mmol/L. Plasma glucose concentrations were 
subsequently maintained at 10 mmol/L for 180 minutes by 
a variable 20% glucose infusion using the glucose clamp 
technique, with plasma glucose concentrations measured 
at 5-minute intervals [13]. Blood samples for plasma insu-
lin determinations were obtained at −30, −15, 0, 2.5, 5, 7.5, 
10, 20, 40, 60, 80, 100, 120, 140, 160, and 180 minutes.

Analytical procedures. Plasma glucose concentra-
tions were determined by a glucose analyzer (YSI Gluco-
se Analyzer [YSI, Inc, Yellow Springs, OH] or Beckman 
Glucose Analyzer [Beckman Instruments, Fullerton, CA]). 
Plasma insulin concentrations were determined using hu-
man insulin-specifi c radioimmunoassay (Pharmacia In-
sulin RIA; Kabi Pharmacia Diagnostics, Piscataway, NJ, 
or Linco Insulin RIA; Linco Research, St Charles, MO).

Calculations. The area under the curve (AUC) of 
plasma glucose concentrations during the OGTT was 
calculated by the trapezoidal rule. First-phase plasma 
insulin responses were calculated as the average incre-
mental plasma insulin concentration at 2.5, 5.0, 7.5, and 
10 minutes of the hyperglycemic clamp divided by the 
average incremental plasma glucose concentration during 
the same interval. Second-phase plasma insulin responses 
were calculated as the average incremental plasma insulin 
concentration during the last hour of the hyperglycemic 
clamp divided by the average incremental plasma glucose 
concentration during the same interval [11]. Insulin sen-
sitivity was determined by dividing the average glucose 
infusion rate during the last hour of the hyperglycemic 
clamp by the average plasma insulin concentration during 
the same interval [13], referred to as the insulin sensiti-
vity index (ISI). The ISI was multiplied by the ratio of 
180 mg/dL to the actual plasma glucose concentration in 
milligrams per deciliter during the hyperglycemic clamp 
to account for small differences in plasma glucose con-
centrations. In individuals with normal glucose homeo-
stasis, decreased insulin sensitivity is associated with 
increased insulin secretion so that the product of both 
of these processes, referred to as the disposition index 
(DI), is similar to that of subjects with normal insulin sen-
sitivity [14]. Therefore, to evaluate the appropriateness 
of insulin secretion in relation to insulin sensitivity, we 
calculated the DI of the fi rst- (DI fi rst phase) and second-
phase plasma insulin response (DI second phase) by mul-
tiplying the respective insulin responses with the ISI [14].

Statistical analyses. Body mass index (BMI), second-
phase insulin responses, ISI, DI fi rst phase, and DI second 
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phase were log-transformed to obtain a normal distributi-
on of the data for statistical analyses. Continuous variables 
were compared between groups using analysis of variance 
(ANOVA) followed by the least signifi cant difference test 
for variables for which the F test was signifi cant; catego-
rical variables, that is, sex, were compared using the χ2 
test. In addition, metabolic data were compared between 
groups by analysis of covariance (ANCOVA) with age, 
sex, BMI, and waist-to-hip ratio (WHR) as covariates.

Normally distributed variables are given as means ± 
SE. For skewed data, geometric means and 95% confi -
dence intervals are given. All analyses were conducted 
using the SPSS 15.0 (SPSS, Chicago, IL). P values less 
than .05 were considered statistically signifi cant.

Results
Demographic and anthropometric characteristics. 

Age, sex, BMI, and WHR were signifi cantly different 
between the control group, the IGT/FH+ group, and the 
IGT/FH− group as indicated by ANOVA and χ2 tests (all 
P < 0.02) (Table 1). Compared with the control group, 

IGT/FH+ and IGT/FH− were older and had a greater 
BMI and WHR (all P < 0.001); and IGT/FH− (P < 
0.005) but not IGT/FH+ had a higher male-to-female 
ratio. The IGT/FH+ group differed signifi cantly from the 
IGT/FH− group by having a lower WHR (P < 0.007).

Fasting and 2-hour postprandial plasma glucose con-
centrations during the OGTT as well as AUC glucose 
during the OGTT were signifi cantly increased in IGT/
FH+ and IGT/FH− (all P < 0.001) but similar among 
each other (all P > 0.2). The proportion of subjects who 
had impaired fasting glucose was also similar in IGT/
FH+ and IGT/FH− (42% vs 48%, P > 0.6).

Hyperglycemic clamp. During the hyperglycemic 
clamp, plasma glucose increased to comparable levels in 
all 3 groups (Table 2 and Table 3). However, the incre-
ment in plasma glucose concentrations was slightly (by 
~0.5 mmol/L) but similarly lower in both IGT groups 
compared with the control group (both P < 0.01). For 
evaluation of fi rst- and second-phase plasma insulin res-
ponses, increments in plasma insulin concentrations were 
therefore divided by the increments in plasma glucose 

Table 1
Demographic and anthropometric characteristics of the study population and results of the OGTTs

Characteristics IGT/FH+ (1) IGT/FH− (2) Controls (3) P value
1 vs 2 1 vs 3 2 vs 3

Age (y) 48.7 ± 1.4 50.4 ± 1.6 41.0 ± 1.0 >.4 <.001 <.001
Sex (M/F) 26/48 25/25 36/97 =.10 >.2 <.005
BMI (kg/m2) 27.7 (26.5–29.0) 28.9 (27.7–30.1) 25.7 (25.1–26.3) =.17 <.001 <.001
WHR 0.86 ± 0.01 0.90 ± 0.01 0.82 ± 0.01 <.007 <.001 <.001
Fasting plasma glucose (mmol/L) 5.55 ± 0.06 5.60 ± 0.08 4.88 ± 0.03 >.5 <.001 <.001
2-h plasma glucose (mmol/L) 8.96 ± 0.10 9.02 ± 0.14 5.72 ± 0.08 >.7 <.001 <.001
AUC plasma glucose (mmol/L·h) 7.59 ± 0.23 7.15 ± 0.24 3.32 ± 0.16 >.2 <.001 <.001

Data are means ± SE. Body mass index is given in geometric means (95% confi dence interval).

Table 2
Results from the hyperglycemic clamp test

IGT/FH+ (1) IGT/FH− (2) Controls (3) P value
1 vs 2 1 vs 3 2 vs 3

1st-phase insulin secretion (pmol/L)/(mmol/L) 26.3 ± 2.2 36.8 ± 4.1 47.2 ± 2.3 =.026 <.001 =.016
2nd-phase insulin secretion (pmol/L)/(mmol/L) 43.0 (36.5–50.8) 51.3 (42.5–62.0) 60.0 (53.8–66.8) =.148 <.001 =.157

ISI (μmol·kg−1·min−1·[pmol/L]−1) 0.114 
(0.097–0.133)

0.089 
(0.075–0.105)

0.142 
(0.129–0.157) =.027 =.011 <.001

DI, 1st phase (μmol·kg−1·min−1·[mmol/L]−1) 2.35 (2.01–2.75) 2.35 (1.95–2.84) 5.67 (5.05–6.37) >.9 <.001 <.001
DI, 2nd phase (μmol·kg−1·min−1·[mmol/L]−1) 4.89 (4.45–5.38) 4.56 (4.02–5.16) 8.53 (7.96–9.14) >.3 <.001 <.001

Data of fi rst-phase insulin secretion are means ± SE. Other data are geometric means (95% confi dence interval).

Table 3
Results from the hyperglycemic clamp test adjusted for age, sex, BMI, and WHR using ANCOVA

IGT/FH+ (1) IGT/FH− (2) Controls (3) P value
1 vs 2 1 vs 3 2 vs 3

1st-phase insulin secretion (pmol/L)/(mmol/L) 25.8 ± 2.8 34.7 ± 3.6 48.2 ± 2.2 =.047 <.001 <.002
2nd-phase insulin secretion (pmol/L)/(mmol/L) 43.5 (37.2–50.7) 52.2 (43.3–63.1) 59.3 (52.7–66.7) >.5 <.001 <.001

ISI (μmol·kg−1·min−1·[pmol/L]−1) 0.114 
(0.099–0.132)

0.090 
(0.075–0.106)

0.141 
(0.127–0.157) –a –a –a

DI, 1st phase (μmol·kg−1·min−1·[mmol/L]−1) 2.49 (2.14–2.90) 2.74 (2.26–3.32) 5.18 (4.61–5.82) >.4 <.001 <.001
DI, 2nd phase (μmol·kg−1·min−1·[mmol/L]−1) 4.97 (4.52–5.46) 4.68 (4.16–5.26) 8.38 (7.80–8.99) >.5 <.001 <.001

Data of fi rst-phase insulin secretion are means ± SE. Other data are geometric means (95% confi dence interval).
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concentrations as described above to adjust for the slightly 
different glycemic stimuli for insulin secretion. The ANO-
VA indicated signifi cant differences between the 3 groups 
for fi rst-phase plasma insulin responses, second-phase 
plasma insulin responses, ISI, and both DIs (all P < 0.003).

Plasma concentrations of glucose and insulin during 
the hyperglycemic clamp in IGT/FH+, IGT/FH−, and 
subjects with normal glucose tolerance. NGT indicates 
normal glucose tolerance.

Compared with the control group, IGT/FH+ had 
approximately 45% reduced first-phase plasma insu-
lin responses (P < 0.001), approximately 30% reduced 
second-phase plasma insulin response (P < 0.001), and 
approximately 20% reduced ISI (P = 0.011). Accordingly, 
DI fi rst phase and DI second phase were reduced by ap-
proximately 59% and 43%, respectively (both P < 0.001). 
In contrast, in IGT/FH−, fi rst-phase plasma insulin res-
ponses were only approximately 20% reduced (P = 0.016), 
second-phase plasma insulin responses were not signifi -
cantly reduced (~15% reduction, P = 0.16), and ISI was 
approximately 40% reduced (P < 0.001). Accordingly, DI 
fi rst phase and DI second phase were reduced by appro-
ximately 59% and 47%, respectively (both P < 0.001).

When both IGT groups were compared with one ano-
ther, IGT/FH+ differed signifi cantly from IGT/FH− by 
having a 25% to 30% lower fi rst-phase plasma insulin 
response (P = 0.026) but a 25% to 30% greater ISI (P = 
0.027). Differences in the second-phase plasma insulin 
response did not reach statistical signifi cance (P = 0.15). 
Similar statistical results were obtained when increments 
in plasma insulin responses unadjusted for increments in 
plasma glucose concentrations were compared (P = 0.013 
for fi rst-phase plasma insulin response, P = 0.12 for se-
cond-phase plasma insulin response). The DI fi rst phase 
and DI second phase were comparable in both groups, con-
sistent with both groups having similar glucose tolerance.

Using ANCOVA, adjustment for age, sex, BMI, and 
WHR had little infl uence on fi rst- and second-phase 
plasma insulin responses so that the statistical results of 
these parameters remained similar. Adjustment for age 
and sex also had little infl uence on ISI (data not shown). 
However, after further adjustment for BMI and WHR, 
ISI was no longer signifi cantly different between the 3 
groups (P > 0.2), suggesting that the differences in insu-
lin sensitivity were largely due to differences in obesity.

Effect of obesity on the infl uence of a family his-
tory of T2DM on plasma insulin responses in IGT. 
Evidence indicates that subjects with a strong family his-
tory of T2DM are uniquely susceptible to impaired β-cell 
function by a sustained increase in plasma free fatty acid 
(FFA) concentrations [15]. Therefore, to assess whether 
obesity affects the infl uence of a family history of T2DM 
on plasma insulin responses in IGT, we stratifi ed IGT/
FH+ and IGT/FH− into subgroups with a BMI less than 
27 kg/m2 (n = 37 and n = 21, respectively) and a BMI of 
at least 27 kg/m2 (n = 37 and n = 29, respectively) and 
compared the respective subgroups using unpaired Stu-
dent t tests. In the subgroups with a BMI less than 27 kg/
m2, fi rst- (21.7 ± 2.6 vs 23.8 ± 3.8 [pmol/L]/[mmol/L], 
P > 0.6) and second-phase plasma insulin responses (29.5 

[23.9–36.4] vs 33.8 [25.6–44.7] [pmol/L]/[mmol/L], P > 
0.4) were not signifi cantly different between IGT/FH+ 
and IGT/FH−. In contrast, in the subgroups with a BMI 
of at least 27 kg/m2, fi rst-phase plasma insulin responses 
were more than 30% lower in IGT/FH+ than IGT/FH− 
(31.0 ± 3.4 vs 46.2 ± 5.9 [pmol/L]/[mmol/L], P = 0.018); 
second-phase plasma insulin responses were not statis-
tically different (62.8 [52.4–75.3] vs 69.5 [56.6–85.1] 
[pmol/L]/[mmol/L], P > 0.4).

Discussion
Impaired glucose tolerance is due to a combination of 

insulin resistance and an inability of insulin secretion to 
fully compensate for the insulin resistance, which may at 
least in part be genetically determined. Using the hypergly-
cemic clamp technique in a relatively large number of sub-
jects, the present study demonstrates that an increased ge-
netic predisposition for T2DM, as refl ected by the presence 
of a fi rst-degree T2DM relative, signifi cantly infl uences 
the contributions of both of these processes. Compared 
with normal glucose-tolerant subjects, IGT subjects with a 
fi rst-degree T2DM relative had approximately 45% redu-
ced fi rst-phase plasma insulin responses and approximate-
ly 30% reduced second-phase plasma insulin responses, 
whereas insulin sensitivity was only approximately 20% 
reduced. In contrast, IGT subjects without a fi rst-degree 
T2DM relative had approximately 40% reduced insulin 
sensitivity, but only approximately 20% reduced fi rst-pha-
se plasma insulin responses and no signifi cant reduction 
in second-phase plasma insulin responses. Moreover, in 
direct comparisons, IGT/FH+ differed signifi cantly from 
IGT/FH− by having a 25% to 30% lower fi rst-phase plas-
ma insulin response (P = 0.026) but a 25% to 30% greater 
insulin sensitivity (P = 0.027). Thus, in IGT individuals 
with a fi rst-degree T2DM relative, impaired insulin sec-
retion rather than insulin resistance played the major role, 
whereas in IGT individuals without a fi rst-degree T2DM 
relative, insulin resistance rather than impaired insulin se-
cretion played the major role. These fi ndings suggest that 
individuals with an increased genetic predisposition for 
T2DM may develop abnormal glucose homeostasis with 
less severe insulin resistance because of a greater reduction 
in the ability of insulin secretion to compensate for insulin 
resistance. This may have implications not only regarding 
strategies for the prevention of T2DM but also regarding 
its risk because progression of IGT to T2DM was linked to 
a greater defect to insulin secretion than insulin sensitivity 
at baseline in prospective studies [16–17].

In agreement with several previous reports in which 
IGT and normal glucose-tolerant subjects were mat-
ched for demographic and anthropometric characte-
ristics [18–21], we found that IGT subjects had β-cell 
dysfunction but no insulin resistance independently of 
differences in obesity, estimated by BMI and WHR. Si-
milarly, we found that the greater insulin sensitivity in 
the IGT/FH+ group compared with the IGT/FH− group 
was largely explained by differences in obesity.

For the present report, we purposely did not match 
groups of subjects for demographic and anthropometric 
characteristics but rather used data of all subjects who 
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were found to have normal glucose homeostasis or IGT 
in whom information on family history of T2DM was 
available. This approach not only increases statistical 
power but also minimizes selection bias. Moreover, it 
does not remove or blunt characteristics that typically 
refl ect these populations. For example, if we had mat-
ched our groups of subjects for obesity including BMI 
and WHR, we would not have found signifi cant diffe-
rences in insulin sensitivity between the control and 
IGT groups and the IGT/FH+ and the IGT/FH− groups 
because insulin sensitivity was no longer signifi cantly 
different when adjusted for obesity using ANCOVA.

Recently, Kashyap et al. [15] demonstrated that a sus-
tained increase in plasma FFA concentrations by 4-day 
lipid infusion decreases insulin secretion in normal 
glucose-tolerant subjects with a strong family history of 
T2DM but increases insulin secretion in normal gluco-
se-tolerant subjects without a family history of T2DM. 
Moreover, Cusi et al. [22] and Paolisso et al. [23] have 
shown that a reduction in plasma FFA levels with the an-
tilipolytic agent acipimox for 2 to 7 days increased fi rst-
phase plasma insulin responses in nondiabetic individu-
als with a fi rst-degree T2DM relative. In subanalyses of 
our data, we therefore tested the hypothesis that obesity 
affects the genetic infl uence on β-cell function in IGT 
by stratifi cation of the IGT groups into subgroups using 
a BMI of 27 kg/m2 as a cut point. Consistent with these 
earlier studies that altered plasma FFA concentrations 
[15, 22–23], we found that fi rst-phase plasma insulin 
responses were approximately 30% lower in IGT/FH+ 
with a BMI of at least 27 kg/m2 (P = 0.018) but similar in 
IGT/FH− with a BMI less than 27 kg/m2 compared with 
the corresponding IGT/FH− subgroups, suggesting that 
obesity might have aggravated or even precipitated the 
negative effects of an increased genetic predisposition 
for T2DM on insulin secretion in IGT/FH+.

Summary
In summary, the present study demonstrates that an 

increased genetic predisposition for T2DM in IGT, re-
fl ected by the presence of a fi rst-degree T2DM relative, 
increases the contribution of impaired insulin secretion 
in its pathophysiology. This effect appears to be aggra-
vated or even precipitated by obesity.
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МОРФОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ПЕЧЕНИ КРЫС, 
ВОСПРОИЗВОДЯЩИЕ КАРТИНУ НЕАЛКОГОЛЬНОЙ 

ЖИРОВОЙ БОЛЕЗНИ ПЕЧЕНИ 
В УСЛОВИЯХ ЭКСПЕРИМЕНТАЛЬНОГО 

ПОСЛЕОПЕРАЦИОННОГО ГИПОТИРЕОЗА
1 Кафедра факультетской терапии, 2 Кафедра биологии, 3 Кафедра эндокринологии 

ФГБОУ ВО Тверской государственный медицинский университет Минздрава России

В статье приведены результаты светооптического и электронно-микроскопического исследования 
печени 30 крыс в условиях экспериментального послеоперационного гипотиреоза, формируемого путем 
тотальной тиреоидэктомии. В ходе эксперимента через 4 недели была воспроизведена морфологическая 
картина жировой болезни печени, соответствующая изменениям, свойственным метаболическому синдро-
му, с наличием жировой и белковой дистрофии гепатоцитов, явлений колликвационного некроза, гепатита 
минимальной активности и начальных проявлений фибротизации печени. Увеличение срока до 8 недель 
сопровождается прогрессированием дистрофических и некротических процессов в гепатоцитах, а также 
признаками трансформации стеатоза в стеатогепатит и стеатофиброз печени. Ультраструктурные измене-
ния демонстрируют разобщение процессов дыхания и фосфорилирования с развитием выраженного энер-
гетического дефицита в гепатоцитахи функциональной недостаточности органа. Эксперимент наглядно 
демонстрирует взаимосвязь между морфофункциональным состоянием печени и тиреоидным статусом, а 
его результаты могут быть использованы для оптимизации диагностических и лечебных подходов ведения 
больных с первичным (послеоперационным) гипотиреозом.

Ключевые слова: экспериментальный послеоперационный гипотиреоз у крыс, жировая и белковая 
дистрофия гепатоцитов, колликвационный некроз, гепатит минимальной активности, стеатофиброз печени.

MORPHOLOGICAL CHANGES IN RAT LIVER, 
REPRODUCING NONALCOHOLIC FATTY LIVER DISEASE 

IN EXPERIMENTAL POSTOPERATIVE HYPOTHYROSIS
S.V. Shchelochenkov, M.B. Petrova, G.S. Dzhulay, D.V. Kilejnikov

Tver State Medical University

The article presents the results of light and electron microscopic examination of the liver of 30 rats with experimental 
postoperative hypothyroidism, formed by total thyroidectomy. Morphological appearance of fatty liver disease has been 
reproduced after 4 week experiment, corresponding changes characteristic for metabolic syndrome with the presence 
of fat and protein dystrophy of hepatocytes, colliquative necrosis phenomena, hepatitis of minimal activity and initial 
manifestations of hepatic fi brosis. Increasing duration of the experiment up to 8 weeks, is followed by the progression of 
degenerative and necrotic processes in hepatocytes, as well as signs of the transformation of steatosis to steatohepatitis and 
hepatic steatofi brosis.The ultrastructural changes demonstrate a dissociation of respiration and phosphorylation processes 
with the development of energy defi ciency expressed in the hepatocytes and functional failure of liver. The experiment 
demonstrates the relationship between the morphological and functional state of the liver and thyroid status, its results 
can be used to optimize the diagnostic and therapeutic approach of patients with primary (postoperative) hypothyroidism.

Key words: experimental postoperative hypothyroidism in rat, fat and protein dystrophy of hepatocytes, colliquative 
necrosis, hepatitis of minimal activity, hepatic steatofi brosis.

Введение
В популяции человека происходит абсолютный 

и повсеместный рост числа случаев неалкогольной 

жировой болезни печени (НАЖБП). Ее морфологи-
ческим субстратом выступает жировая дистрофия пе-
чени − гетерогенная по этиологии форма реакции ор-


