Tyrosine Hydroxylase Gene Microsatellite Polymorphism Associated With Insulin
Resistance in Depressive Disorder
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A high association between type 2 diabetes mellitus and depressive illness has been reported. Insulin resistance during
depressive illness might contribute to the linkage between depression and type 2 diabetes. To determine whether the genetic
polymorphisms of the tyrosine hydroxylase ([TH] HUMTHO1) and insulin (INS-VNTR) genes contribute to insulin resistance in
depressive illness, we analyzed the association between the polymorphisms and insulin resistance in 41 Japanese patients
with depressive disorder, 204 normal control subjects, 161 cohort subjects with normal glucose tolerance (NGT) and without
depressive symptomatology, and 59 NGT subjects with depressive symptomatology. The depressive patients had a
significantly lower insulin sensitivity index (Sl) than the control subjects (P = .016). Depressive NGT subjects had a
significantly higher homeostasis model assessment (HOMA) insulin resistance index [HOMA(R)] than the nondepressive NGT
subjects (P < .0001). The depressive patients and NGT subjects had more HUMTHO1 allele 7 (TH7) than the controls and
nondepressive NGT subjects. Sl was significantly lower in patients with the TH7/7 homozygote versus patients with the other
genotypes and the controls. TH7 was associated with higher HOMA(R) as compared with the other alleles in the NGT subjects.
Insulin resistance was associated with depressive disorders. The HUMTHOL and INS-VNTR were associated with insulin
resistance and depressive symptoms.
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N ASSOCIATION between diabetes mellitus and depres-not otherwise specified (& 16), but not manic-depressive disorder.
sive disorder has been previously reportén episode  Depressive symptoms were scored using the Hamilton Rating Scale for
of depression increases the risk for the onset of type Depressior#? Clinical and laboratory tests were normal, with the
diabete$:* Two reports demonstrated that depressive patient§xception of mild hypertension in 11 patients and mild hyperlipidemia
tend to show an impaired glucose pattern with a higherin 11 patients. None of the subjects had a previous history of diabetes.

lative i i &6 Th findi ted th All depressive patients were shown to have normal fasting plasma
cumulative Insulin Tesponse. These 1indings suggeste € glucose according to the new diagnostic criteria of the American

presence qf insulin resistance and hyperinsulinemia duringyizpetes Associatio®
depress_'Ve iliness. ) o _ The control subjects (control group) were selected from individuals

Tyrosine hydroxylase (TH) is a rate-limiting enzyme in the who visited Sendai Kosei Hospital (Sendai, Japan) for a general health
synthesis of noradrenaline and dopamine, and is speculated txamination. They had no personal or family history of psychiatric
be involved in the pathophysiology of psychiatric disordérs. disorders, hypertension, hyperlipidemia, coronary vascular disease, or
The (TCAT)n tetranucleotide repeat microsatellite (HUMTHO1) diabetes. All control subjects were shown not to have a depressive
in the TH gene is suggested to regulate the alternative splicing'sorder according to DSM-IV criteda and had normal clinical and
process of the human TH mRNA and the turnover of C(,ﬂte(:h()'_aboratory examinations and normal glucose tolerance (NGT) by an oral
amine?19 A dysfunction of the catecholamine system has beendlucose tolerance test (OGTT) after a 75-g I62d. o

. . . . 1 The other cohort subjects with NGT were selected from individuals

reported to be involved in depressive disortfe¥ It has been

. - . . . who also visited the 7 local private hospitals in Miyagi and Totigi
reported that HUMTHOL1 is positively associated with manic- prefecture for a general health examination. They also had no personal

depressive illned§**and negatively associated with depressive o family history of psychiatric disorders, hypertension, hyperlipidemia,
symptoms in mood disordetdHowever, some reports demon- coronary vascular disease, or diabetes. All subjects stayed at the hospital
strated no association between HUMTHO1 and affective disorfor 2 days for their general health examination. The cohort subjects
dert® or manic-depressive illneds. (NGT group) were selected from the subjects who also had NGT on an
The human insulin gene is located adjacent to the TH gene®GTT and normal clinical and laboratory tests. The level of depressive
Recent evidence has suggested that the human insulin ger%mptoms in NGT subjects was classified on the basis of the Zung

VNTR (variable number of tandem repeats) minisatellite (INS- i;alf-Re:jting dDeprteSSiO” Sca|eé€322286)1_ﬁ5 no_rmall(éo t? ?r’]g)' ”:”d (40to
VNTR) regulates the transcriptional process of the insulin gene ), an mo erate or severe48)." € onginal Engiish scale was
ranslated into Japanese, and the Japanese version has been well

and contributes to some insulin-related disorders, including
type 1 diabete3-20We speculated that a genetic polymorphism
of HUMTHO1 and INS-VNTR might contribute to insulin From the Third Department of Internal Medicine, Department of

resistance in depressive iliness, and we discuss a potential rojg, .nosomatic Medicine, and Department of Comprehensive Medicine,
of TH in the pathogenesis of insulin resistance in depressiverohoku University School of Medicine, Sendai; and Fourth Department
disorder. of Internal Medicine, Saitama Medical School, Saitama, Japan.
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Table 1. Clinical Characteristics of the Subjects

NGT Groups

Variable Control Group Depression Group A B
No. of subjects 167 41 161 59
Male/female ratio 102/65 28/13 99/62 39/20
Age (yr) 46 + 12 47 = 13 49 =7 48 = 12
BMI (kg/m?) 226 £29 231 +23 236 £ 2.6 231 +21
Hamilton Depression Rating Scale — 158+ 7.1 — —
Fasting plasma glucose (mg/dL) 91.6 £ 6.2 88.1 = 6.1 92.4 + 8.8 90.7 = 7.7

validated?” One hundred sixty-one NGT subjects had normal symp-repeat microsatellite and is denoted as repeat numbers of tetranucleo-
toms, 56 subjects had mild depressive symptoms, and 3 subjects haitle, for example, allele 6 was 6 repeats of TCAT.

moderate or severe symptoms. NGT subjects were divided into 2

subgroups, with NGT subjects with normal symptoms denoted as NGTStatistical Analysis

group A, and NGT subjects with depressive symptoms (ZSD®) as
NGT group B. There were no significant differences in clinical
characteristics between the control group and the depression group
between NGT groups A and B (Table 1).

Differences between groups were tested by 1-way ANOVA, chi-
square test for independence, and Fisher’s exact probability test with
Yates’ correction. Wilcoxon’s test was used for paired comparison and
the Mann-WhitneyU test for unpaired comparison. AR values are
based on 2-sided comparisons and were taken to be significant at less

Assessment of Insulin Sensitivity than 05

Insulin sensitivity in the depressive group and the controls was
assessed by minimal model analy¥iS| was assessed by the modified RESULTS

Bergman minimal model meth&4with an additional administration of i .
regular human insulin (0.02 U/kg) 20 minutes after the glucose bolus F'V_e different alleles of HUMTHO1 (alleles 6, 7, 8, 9, and 10)
(0.3 g/kg) as described previough?! Minimal model analysis was described by Puers et #lyvere observed. Alleles 5 and 11 were
performed in the fasting condition. Insulin sensitivity in the NGT cohort Not observed in the subjects, and the variant allele 10-1 was not
was measured by homeostasis model assessment (HOMA) moddistinguished from allele 10. Alleles 6, 7, 8, 9, and 10
analysis®? The HOMA model was validated against the hyperinsulin- correspond to HUMTHO1 alleles Z-16, Z-12, Z-8, Z-4, and Z,
emic-euglycemic clamp for insulin resistance. Plasma insulin wasrespectively, in the report by Bennett and Té8d.
analyzed using radioimmunoassay kits. Plasma glucose was determined The distribution of HUMTHO1 genotypesx{ = 34.2,
using the glucose Qxidase method. The clinical characteristics of thgs - .0001) or alleles 2 = 14.0, P = .007) was significantly
subjects are sho_wn n Table 1 After the St.Udy protocol was approved b)(1ifferent in the depression group versus the control group. The
the Tohoku University Institutional Review Board, the study was L . .
performed according to the Declaration of Helsinki. All participants genotypg frequency of TH7/7 was significantly higher in the
provided informed consent. depression group versus the control groBp=.0004) (Table
2). In contrast, the depression group had a lower frequency of

DNA Analysis TH6/9 than the control groud®(= .017). The allele frequency

HUMTHOL and INS-VNTR class 1 alleles were identified by Of TH7 was also significantly higher in the depression group

polymerase chain reaction followed by agarose electrophoresis any€rSus th_e _ConFroI groupP(= -004_3)- We investigated the
class 2 and 3 alleles were identified by Southern blot analysis agénetic distribution of HUMTHOL in the NGT cohort. There

described previousi2 The HUMTHO1 was a (TCAT)n tetranucleotide was a significant difference in the allele frequencies of

Table 2. Frequency of TH Microsatellite Genotypes and Alleles

NGT Groups
Parameter Control Group Depression Group P A B P
Genotype 167 (100) 41 (100) 161 (100) 59 (100)
6/6 12 (7.2) 1(2.4) NS 14 (8.7) 1(1.7) NS
6/7 22 (13.2) 11 (26.8) NS 14 (8.7) 14 (23.7) NS
6/9 32 (19.2) 1(2.4) .017 39 (24.2) 2(3.4) .0009
77 5(3.0) 8 (19.5) .0004 4 (2.5) 11 (18.6) .0001
719 39 (23.4) 7(17.1) NS 40 (24.8) 11 (18.6) NS
9/9 27 (16.2) 12 (29.3) NS 19 (11.8) 15 (25.4) .023
Others 30 (18.0) 1(24) .024 31 (19.3) 5(8.5) NS
Allele 334 (100) 82 (100) 322 (100) 118 (100)
6 82 (24.6) 14 (17.1) NS 91 (28.3) 18 (15.3) .0075
7 83 (24.9) 34 (41.5) .0043 64 (19.8) 50 (42.4) <.00001
8 21 (6.3) 0 (0) .04 16 (5.0) 4 (3.5) NS
9 138 (41.3) 33(40.2) NS 137 (42.5) 43 (36.4) NS
10 10 (3.0) 1(1.2) NS 14 (4.3) 3(2.5) NS

Pvalues were calculated by Fisher’s exact probability test with Yates’ correction. Data are presented as the no. (%).
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Table 3. Frequency of INS-VNTR Genotypes and Alleles

NGT Groups
Parameter Control Group Depression Group P A B P

VNTR genotype 167 (100) 41 (100) 161 (100) 59 (100)
1S/1S 33(19.8) 11 (26.8) NS 30 (18.6) 13 (22.0) NS
1S/1M 65 (38.9) 12 (29.3) NS 67 (41.6) 17 (28.8) NS
1S/1L 17 (10.2) 3(7.3) NS 20 (12.4) 4 (6.8) NS

1M/1IM 18 (10.8) 9 (22.0) NS 9 (5.6) 15 (25.4) <.0001

1M/1L 21 (12.6) 5(12.2) NS 21 (13.0) 6 (10.2) NS
1L/1L 3(1.8) 0(0) NS 3(1.9) 2 (3.4) NS
Others 10 (6.0) 1(2.4) NS 11 (6.8) 2(3.4) NS

VNTR allele 334 (100) 82 (100) 322 (100) 118 (100)
1S 153 (45.8) 38 (46.3) NS 151 (46.9) 47 (39.8) NS
1M 127 (38.0) 35 (42.7) NS 110 (34.2) 54 (45.8) NS
1L 44 (13.2) 8(9.8) NS 49 (15.2) 15 (12.7) NS
1l 10 (3.0) 1(1.2) NS 12 (3.7) 2(1.7) NS

NOTE. Pvalues were calculated by Fisher’s exact probability test with Yates’ correction. Data are the no. (%).
Abbreviations: 1S, VINS-NTR class 1S with repeats 25-38; 1M, repeat numbers 39-41; 1L, repeat numbers 42-44.

HUMTHO1 between groups A and B = 24.8,P < .0001).  successful antidepressive treatment (A. Tashiro, unpublished
Every group was within the Hardy-Weinberg proportion. The observation, 2000).
genotype frequency of TH7/7 was significantly higher in group  Group B had a significantly higher HOMA insulin resistance
B compared with group AR = .0001). In contrast, group B had index (HOMA(R) 2.31+ 1.34) than group A (1.0%- 0.95,
a lower frequency of TH6/9 than group R .0009). Group B P < .0001) and the control group (0.990.67, P < .0001).
had a higher frequency of TH7 than groupA<{ .00001). Subjects in group B with THGR < .0001) or TH7 P < .0001)
There was no difference in the genetic distribution of had a higher HOMA(R) than subjects in group A with the same
INS-VNTR between the depression group and the controlallele, respectively (Table 4). Subjects in group B with TH7 had
group. The genotype frequency of INS-VNTR was different in a significantly higher HOMA(R) than group B with TH8
group A versus group Bx¢ = 20.5,P < .005). Group Bhada (P =.036), TH9 P < .0001), and TH10R = .042).
higher frequency of INS-VNTR 1M/1M than group A
(P = .00008) (Table 3).
The depression group had significantly lower Sl than the Table 4. TH Microsatellite Genotypes, Alleles, and HOMA(R) in NGT
control group (4.25-3.20v 8.31+5.12X 1074 mL - pU - Subjects (mean + SD)

min~1, P = .001). The SI was significantly lower for patients Parameter Group A Group B
with the TH7/7 homozygote compared with the control group™ 1, Genotype
(P =.004) and patients with the other genotypes (TH7/9, 6/6 1.15 = 1.00 (14) 1.79 (1)
P = .004; TH9/9,P = .005; Fig 1). Patients with the TH6/7 617 1.17 + 1.23 (14) 3.21 = 2.23 (14)*1t
heterozygote had significantly lower S| than the control group 6/9 1.32 + 0.98 (39) 2.00 (2)
(P = .006) and patients with the TH9/9 homozygd®e= .024). 717 2.45 = 1.33 (4)1t 451 = 2,02 (11)§1t
Insulin sensitivity in the depression group improved after 719 0.88 = 0.97 (40) 1.77 = 0.87 (1)t#
9/9 0.94 + 0.91 (19) 1.24 + 0.75 (15)t**
Others 0.92 = 0.72 (31) 1.32 = 0.91 (5)
< 10 A - 1 r TH Allele
e T L 6 1.14 = 1.33 (91)8§ 2.92 + 1,73 (18)
wurtmin?) g | ! 7 1.25 + 1.08 (64)t+ 3.48 + 1.81 (50)
8 1.18 + 1.02 (16) 1.49 + 1.02 (4)|
L= i 9 0.98 * 0.95 (137) 1.41 + 0.75 (43)1%
5 A - 10 0.94 + 1.09 (14) 1.27 + 0.98 (3)1
5 | | Control 0.99 + 0.67 (120)
4 4 3 NOTE. Number of subjects is shown in parentheses.
3 | *P = .006 vgroup A TH6/7.
TP =.008 vgroup A TH7/9.
21 i tP = .03 vgroup B TH6/7.
11 - §P = .0005 vgroup B TH7/9.
0 |[P=.036 vgroup B TH7.

79 9/9

3R

67 7
(n=11) (n=8) (n=7)

others Controls

(n=12) (n=3) (n=14)

TH microsatellite genotypes

Fig 1. Sl in the depression group and the control group. Results
are the mean = SD. *P < .05, **P < .01, #P < .001.

P =.042 vgroup B TH7.

#P = .0005 v control.

**P < .0001 vgroup B TH7/7.
1P < .0001 vcontrol.

$1P < .0001 vgroup B TH7.
8§§P < .0001 vgroup B TH6.
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TH9 was associated with INS-VNTR IS, TH7 with 1M, TH6 subjects. However, they did not find a significant difference in
with 1L, and TH10 with class lll, suggesting a tight linkage TH genotype frequencies between type 2 diabetic and healthy
disequilibrium between HUMTHOL and INS-VNTR28 The  subjects. Most Japanese are homozygous for the class 13llele.
NGT subjects with the haplotype of TH7 and 1M had higher NGT subjects with the haplotype of TH allele 7 and INS-VNTR
fasting plasma insulin than NGT subjects with haplotype TH9class 1M (7/1M) had higher fasting plasma concentrations of
and 1S (12.3£ 6.7v 8.6 = 5.6 pU/mL,P < .0001). There was insulin than the subjects with haplotype TH allele 9 and
no significant difference in the body mass index (BMI), total INS-VNTR class 1S (9/1S) (123 6.7 v 8.6 = 5.6 puU/mL,
cholesterol, triglyceride, and blood pressure among the genetiP < .0001). Thus, the haplotype of TH7/1M is associated with
variations of HUMTHOL and INS-VNTR. increased insulin secretion and insulin resistance in the Japa-
nese.

The present study demonstrates the presence of insulin

Both insulin resistance and decreased insulin secretion haveesistance in patients with depression. Nine depressive patients
been shown to be antecedents of type 2 diabetes. Previoudsad mild hypertension, 9 had mild hyperlipidemia, and 2 had
prospective studies have consistently shown that insulin resissoth. There was no significant association between insulin
tance and hyperinsulinemia are strong predictors of type Zesistance and hypertension or hyperlipidemia in the patients
diabetes® An episode of depression increases the risk for thewith depression. However, there was a significant association
onset of type 2 diabetés. One report demonstrated that between insulin resistance and depressive symptoms in NGT
depressive patients tend to show an impaired glucose pattersubjects, who did not have hypertension or hyperlipidemia.
with a higher cumulative insulin responsdie previously  Thus, depressive symptoms were associated with insulin resis-
reported an insulin hyperresponse in a patient with depressiveance.
disorder® The present study demonstrated insulin resistance in The precise mechanism of insulin resistance observed in
the depression group and in NGT subjects with depressivelepressive disorder remains unclear. Depression may be related
symptoms. The presence of insulin resistance in depressivi confounding factors such as obesity and exercise. Depressed
illness suggests that depressive disorder may be related to thadividuals sometimes suffer from too much appetite and too
onset and course of type 2 diabetes. little exercise. However, there was no change in the BMI or

Several studies have mapped the candidate genes for depresxercise after antidepressant treatment. Neuroendocrine abnor-
sive illness to the TH locus in 11p¥5The 4 isoforms of TH  malities in depressive disorder have been repdiesince
have different functional characteristics, which are producedantidepressant therapy with selective serotonin reuptake was
through an alternative splicing process of the human TH mRNAyeported to ameliorate insulin sensitivity in type 2 diabetic
in the brain and adrenal medulaHUMTHO1 has been patients?40 dysregulation of the central nervous system may
suggested to regulate the alternative splicing process of humaglay a role in the pathogenesis of insulin resistance. On the other
TH mRNA'? and the catecholamine turnovéf Some reports  hand, it is well known that the hypothalamic-pituitary-adrenal
have shown that HUMTHO1 was positively associated with axis is activated in depressive disor@eBoth the relative
manic-depressive illne¥s'* and negatively associated with insulin insensitivity and enhanced secretion of cortisol in
depressive symptoms in mood disord€rddowever, some  gepressive illness improve after successful antidepressive treat-
conflicting results have been reported concerning the assocignent4l These lines of evidence suggest that glucocorticoid
tion between HUMTHO1 and affective disordeor manic-  pypersecretion may also be partly responsible for insulin
depressive illnes¥. Bellivier et af” suggested the presence of yagjstance. TH7, a genetic marker for a low turnover of
methodologic problems in the association studies resulting fromygradrenaline, might play a role in insulin resistance through
the wrong selection of control subjects. In this study, we regulation of the hypothalamic-pituitary-adrenal axis.
selected control subjects and the NGT cohort without a personal grom this study, we conclude that genetic variations of the
and familial history of psychiatric disorders and diabetes, andr |ocus contribute to insulin resistance in depressive illness.
confirmed an association between TH7 and depressive symprH7-associated insulin resistance might be an important mech-
toms in the selected subjects. anism in the link between type 2 diabetes and depression.

HUMTHO1 is in tight linkage disequilibrium with the  pFyrther investigations are required to clarity the precise role of
INS-VNTR classi®** HUMTHO1 allele 9 is linked with INS- 147 in the pathogenesis of insulin resistance in depressive

VNTR IS, allele 7 with 1M, allele 6 with 1L, and allele 10 with  yisorder.

INS-VNTR class 1112031 INS-VNTR class Il is associated with

central obesity and hyperinsulinenfa.Sten-Linder et &P

reported a significant association between TH genotypes and ACKNOWLEDGMENT

the early insulin response to glucose infusion in healthy We thank Chitose Suzuki for technical assistance.

DISCUSSION

REFERENCES
1. Jacobson AM: Depression and diabetes. Diabetes Care 16:162bnset of type Il diabetes. A prospective population-based study.
1623, 1993 Diabetes Care 19:1097-1102, 1996

2. Goodnick PJ, Henry JH, Buki VM: Treatment of depression in 4. Kawakami N, Shimizu H, Takatsuka N, et al: Depressive symp-
patients with diabetes mellitus. J Clin Psychiatry 56:128-136, 1995  toms and occurrence of type 2 diabetes among Japanese men. Diabetes
3. Eaton WW, Armenian H, Gallo J, et al: Depression and risk for Care 22:1071-1076, 1999



TYROSINE HYDROXYLASE AND INSULIN RESISTANCE 1149

5. Winokur A, Meislin G, Phillips J, et al: Insulin resistance after oral ~ 25. Zung WWK: A cross-cultural survey of symptoms in depression.
glucose tolerance testing in patients with major depression. Am JAm J Psychiatry 126:116-121, 1969
Psychiatry 145:325-330, 1988 26. Barrett J, Hurst MW, DiScala C, et al: Prevalence of depression

6. Tashiro A, Hongo M, Ota R, et al: Hyper-insulin-response in a over a 12-month period in a non-patient population. Arch Gen
patient with depression. Diabetes Care 20:1924-1925, 1997 Psychiatry 35:741-744, 1978

7. MacKinnon D, Jamison K, DePaulo J: Genetics of manic depres- 27, Fykuda K, Kobayashi S: A study on a self-rating depression
sive illness. Annu Rev Neurosci 20:355-373, 1997 scale. Psychiatr Neurol Jpn 75:673-679, 1973

8. Mallet J: Catecholamine: From gene regulation to neuropsychiat- g s,zyki S, Ohtomo M, Satoh Y, et al: Effect of manidipine and

ric disorders. Trends Pharmacol Sci 17:129-135, 1996 delapril on insulin sensitivity in Japanese type 2 diabetic patients with

9. Wei ‘J*_ Ramchand C_N' Hemmings GP,: Possible associgtion 0Iessen'[ial hypertension. Diabetes Res Clin Pract 33:43-51, 1996
catecholamine turnover with the polymorphic (TCAT)n repeat in the 29. Bergman RN, Prager R, Volund A, et al: Equivalence of the

first intron of the human tyrosine hydroxylase gene. Life Sci 61:1341'insulin sensitivity index in man derived by the minimal model method

1347, 1997 ) .
' . ) . ._and the euglycemic glucose clamp. J Clin Invest 79:790-800, 1987
10. Meloni R, Albanese V, Ravassard P, et al: A tetranucleotide 30. Welch S, Gebhart SS, Bergman RN, et al: Minimal model

polymorphic microsatellite, located in the first intron of the tyrosine . . . ) . o
hydroxylase gene, acts as a transcription regulatory element in Vitroanalyss of intravenous glucose tolerance test—derived insulin sensitiv-
Hum Mol Genet 7"423-428 1998 ity in diabetic subjects. J Clin Endocrinol Metab 71:1508-1518, 1990

11. Bunney WJ, Davis J: Norepinephrine in depressive reactions. 3l _SUZ_UK' S_' Kawasaki H, Satoh Y, et fal_: .Url.nary chiro-inositol

Arch Gen Psychiatry 13:483-494, 1965 excretion is an index marker of insulin sensitivity in Japanese type Il
12. Meloni R, Leboyer M, Bellivier F, et al: Association of manic- diabetes. Diabetes Care 17:1465-1468, 1994

depressive illness with tyrosine hydroxylase microsatellite marker. 32- Matthews D, Hosker J, Rudenski A, et al: Homeostasis model

Lancet 345:932, 1995 assessment: Insulin resistance and beta-cell function from fasting
13. Perez de Castro I, Santos J, Torres P, et al: A weak associatioplasma glucose and insulin concentrations in man. Diabetologia 28:412-

between TH and DRD2 genes and bipolar affective disorder in a419, 1985

Spanish sample. J Med Genet 32:131-134, 1995 33. Awata T, Kurihara S, Kikuchi C, et al: Evidence for association
14. Lobos EA, Todd RD: Cladistic analysis of disease associationbetween the class 1 subset of insulin gene microsatellite (IDDM2 locus)

with tyrosine hydroxylase: Application to manic-depressive disease an&nd IDDM in the Japanese population. Diabetes 46:1637-1642, 1997

alcoholism. Am J Med Genet 74:289-295, 1997 34. Puers C, Hammond HA, Jin L, et al: Identification of repeat
15. Serretti A, Macciardi F, Verga M, et al: Tyrosine hydroxylase sequence heterogeneity at the polymorphic short tandem repeat locus

gene associated with depressive symptomatology in mood disorder. ATM{UMTHO1[AATG]n and reassignment of alleles in population analysis

J Med Genet 81:127-130, 1998 by using a locus-specific allelic ladder. Am J Hum Genet 53:953-958,
16. Kawada Y, Hattori M, Fukuda R, et al: No evidence of linkage or 1993

association between tyrosine hydroxylase gene and affective disorder. J 35, | jljioja S, Mott D, Spraul M, et al: Insulin resistance and insulin

Affect Disord 34:89-94, 1995 secretory dysfunction as precursors of non—insulin dependent diabetes

17. Todd RD, Lobos EA, Parsian A, et al: Manic-depressive illness yg|jitys: Prospective studies of Pima Indians. N Engl J Med 329:1988-
and tyrosine hydroxylase markers. Lancet 347:1634, 1996 1992. 1993

18. Weaver J, Kopelman P, Hitman G: Central obesity and hyperinsu-
linemia in women are associated with polymorphism in théignking
region of the human insulin gene. Eur J Clin Invest 22:265-270, 1992

. 19. Sten-Linder .M’ Wedell A, Ise_llus L ?t aI:_DNA polymorphisms 37. Bellivier F, Schhoff F, Nosten-Bertrand M, et al: Methodological
in the human tyrosine hydroxylase/insulin insulin-like growth factor Il ) . - . .
problems in meta-analysis of association studies between bipolar

chromosomal region in relation to glucose and insulin responses: ) ) .
Diabetologia 36:25-32, 1993 affective disorder and the tyrosine hydroxylase gene. Am J Med Genet
20. Bennett ST, Todd JA: Human type 1 diabetes and the insulin81:349'350’ 1998 S
gene: Principles of mapping polygenes. Annu Rev Genet 30:343-370, 38. Gold P, Chrousos G, Kellner C, et al: Psychiatric implications of
1996 basic and clinical studies with corticotropin-releasing factor. Am J
21. American Psychiatric Association: Diagnostic and Statistical PSychiatry 141:619-627, 1984 _
Manual of Mental Disorders (ed 4). Washington, DC, American 39. Breum L, Bjerre U, Bak J, et al: Long-term effects of fluoxetine

36. Sharma P, Hingorani A, Jia HY, et al: Positive association of
tyrosine hydroxylase microsatellite marker to essential hypertension.
Hypertension 32:676-682, 1998

Psychiatric Association, 1994 on glycemic control in obese patients with non—insulin-dependent
22. Hamilton M: A rating scale for depression. J Neurol Neurosurg diabetes mellitus or glucose intolerance. Metabolism 44:1570-1576,
Psychiatry 23:56-61, 1960 1995

23. The Expert Committee on the Diagnosis and Classification of 40. Goonick P, Kumar A, Henry J, et al: Sertraline in coexisting
Diabetes Mellitus: Report of the Expert Committee on the Diagnosismajor depression and diabetes mellitus. Psychopharmacol Bull 33:261-
and Classification of Diabetes Mellitus. Diabetes Care 20:1183-1197264, 1997
1997 41. Nathan R, Sachar E, Asnis G, et al: Relative insulin insensitivity

24. Zung W: A self-rating depression scale. Arch Gen Psychiatryand cortisol secretion in depressed patients. Psychiatry Res 4:291-300,
12:63-70, 1965 1981



