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Abnormal glucose metabolism and a high prevalence of diabetes have been reported in patients with primary and secondary
hyperparathyroidism. We hypothesize that plasma intact parathyroid hormone (iPTH) level is a determinant of either insulin
sensitivity or B-cell function. The study included 52 normotensive, healthy subjects with glucose tolerance. Insulin sensitivity
and B-cell function were assessed using a hyperglycemic clamp. Fasting plasma iPTH was determined. The relationships
between its level and insulin sensitivity index and B-cell function were examined. Insulin sensitivity index was inversely
correlated with plasma iPTH level (r2 = .104, P = .020). The first phase insulin response was positively correlated with plasma
iPTH level (r2 =.098, P = .023), but no correlation existed with the second phase insulin response. After adjusting for age,
gender, ethnicity, and waist-to-hip ratio, plasma iPTH level was an independent determinant of insulin sensitivity index
(P = .019). However, no independent relationship between plasma iPTH level and B-cell function (the first phase and second
phase insulin response) was found. In normotensive, glucose-tolerant, and healthy subjects, plasma iPTH level accounts for
10.4% of the variation in insulin sensitivity index. For each pg/mL increment in plasma iPTH level, there is a decrease of 0.247
pmol/L/m2/min/pmol/L in insulin sensitivity index. Although the molecular basis of this relationship is not clear, our results
indicate that plasma iPTH level is inversely correlated with insulin sensitivity index.
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LUCOSE INTOLERANCE is one of the well-known refrain from smoking for at least 12 hours before the clamp. In the
consequences of chronic renal faildrén uremic pa-  morning, subjects received a bolus of 50% dextrose solution based on
tients, parathyroid hormone (PTH) has been implicated to play 4heir body surface (11.4 g of dextrose per square meter of body surface

major role in glucose metabolism by either causing insulinarea) at T= 0 minute and continuous infusion with 30% dextrose

resistance? or interfering with pancreatig-cell function? The solution sta}rting at T= 15 minutes. The..infUSion rate was adjusted
association between elevated PTH levels and disturbance of > 5 minutes based on the prevailing plasma glucose level to

. ) : . ~ aintain it at 10 mmol/L toward T= 180 minutes. The first phase
glucose homeostasis has been described in nonuremic patients ,in response was the sum of plasma insulin levels-at2Is, 5, 7.5,

with parathyroid disorders! Furthermore, a higher prevalence ang 10 minutes. The second phase insulin response was the average of
of diabetes has been detected in patients with primary hyperpargtasma insulin levels during the last hour of the clamp=(T.30, 140,
thyroidism®® Although the effect of parathyroidectomy on 150, 160, 170, and 180 minutes). Insulin sensitivity index was the
glucose metabolism remains controver8i#llthere is evidence average of the amount of glucose infused during the last hour of the
that parathyroidectomy could improve glycemic control in clamp divided by the averaged steady-state plasma insulin level.
diabetic patients with hyperparathyroidistt3

However, the role of PTH on glucose homeostasis in healthyAssays
subjects has not been evaluated. This study was performed to Plasma glucose concentrations were determined by a glucose oxidase
evaluate the relationship of plasma intact PTH (iPTH) with Method withaYSI glucose analyzer (YSI, Yellow Springs, OH). Plasma
insulin sensitivity andp-cell function in 52 normotensive, insulin conc_entre;tlons were determined by radioimmunoassay as previ-
glucose-tolerant, and healthy subjects. We found that plasmgtUSIy descj'bed' The fasting Va".’es were the average of 3 measure-
iPTH level was an independent determinant of insulin sensitiy-"'e"ts 8t 7= ~15, =10, and=5 minutes before the oral glucose load.

ity.
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The study was approved by the Human Subject Protection Commitand the Department of Internal Medicine and Graduate Institute of

tee of the University of California, Los Angeles. A written informed Clinical Medicine, National Taiwan University Hospital, Taipei, Tai-

consent was obtained from each participant before the study. Onlyvan.

healthy subjects who were currently receiving no medication were Submitted February 16, 2000; accepted April 20, 2000.

enrolled. All subjects underwent a standard oral glucose tolerance test Supported in part by Grants No. MO1RR00865 from United States

(OGTT) with 75 g glucose and a brief physical examination after anPublic Health Service (USPHS) (to UCLA-General Clinical Research

overnight fast as described previously®> Subjects satisfying the Center [GCRC]), National Institutes of Health/National Institute of

following criteria were invited to return for the assessment of insulin Diabetes and Digestive and Kidney Diseases (NIH/NIDDK)

sensitivity and3-cell function using a slightly modified hyperglycemic RO1DK52337-01 (to K.C.C.), Diabetes Action Research and Education

clamp techniqu¥: fasting plasma glucose level less than 6.1 mmol/L, Foundation (to K.C.C.), and the American Diabetes Association (to

2-hour postload plasma glucose level less than 7.8 mmol/L, intervaK.C.C.).
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Hg). The subjects come from different families, therefore they are notCA 90095-7097.

related biologically. An overnight stay with fasting in the General Copyright© 2000 by W.B. Saunders Company
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Plasma iPTH concentration was determined retrospectively from the 20.0

fasting plasma collected atF —15 minutes as previously describ&d.
p=0.012

Statistical Analysis

The continuous variables, which failed the Normality test, were

itivity index
©
(=1

logarithmically transformed before analysis. The relationships betwee 3 Zg ]
plasma iPTH level and insulin sensitivity index, first and second phase? E 5.0 1
insulin response were analyzed by simple linear regression. A stepwis%“é 401
regression analysis using a backward stepwise optionawvitienter of 22 30

0.100 anda-to-remove of .100 was used to adjust for differences in g
gender, age, body mass index, waist-to-hip ratio, blood pressure, an_§ 2.0
reported ethnicity. Statistical analyses were performed with SYSTATE
version 8.0 of the SPSS (Chicago, IL). A nomialalue of less than

.05 was considered significant. 1.0 . : : : : .
10 20 30 40 50 60 70 80

RESULTS Plasma intact parathyroid hormone level (pg/mL)

Because eithep-cell function or Insu.“n sensitivity may be . Fig1. Relationship between adjusted insulin sensitivity index and
aﬁ‘?Cted by abnormal glucose metabolism and/_or various med'blasma iPTH level in 52 glucose-tolerant and normotensive subjects.
cations, only glucose-tolerant and healthy subjects were askegkgression lines (—) and 95% confidence intervals (----). Insulin
to participate in the study (Table 1). Only normotensive subjectssensitivity index was logarithmically transformed before analysis and
were included because hypertension is known to be associatétfes adjusted based on the stepwise regression analysis as shown in

L . . L. - able 2.
with insulin resistancé?As expected, there were wide interindi-
vidual variations in the first phase insulin response (16 times),

Table 1. Clinical Features and Glycemic Parameters
of the Study Subjects

the second phase insulin response (15 times), and also insulin
sensitivity index (13 times).

Regression analyses showed that plasma iPTH level was
inversely correlated with insulin sensitivity inde® & .02,

Mean Standard
Parameter Q) Error  Minimum  Maximum r2 = .104) and positively correlated with the first phase insulin
No. 52 response B = .023, r2 = .098). Plasma iPTH level was not
Gender F/M 31/21 associated with the second phase insulin respdpse .(11).
Agelyn 26 1 19 40 Because there were differences in gender, age, ethnicity, body
Body mass index (kg/m?) 2450 063 17.58 3561 mass index, waist-to-hip ratio, and blood pressure, these factors
Waist-to-hip ratio (cm/cm) 0.79 0.01 0.65 1.03 . . . .
Systolic blood pressure were considered as covariates and evaluated using a stepwise
(mm Hg) 114 2 92 137 regression analysis as described above. Furthermore, in the
Diastolic blood pressure glucose-tolerant subjects we recruited for this stughcell
(mm Hg) 67 1 51 83 function compensated for the prevailing insulin resistance to
oeTT maintain glucose homeostasiB € .001, r2 = .343 for first
Fasting plasma glucose phase insulin response arl< .001, r2 = .451 for second
(mmol/L) 469  0.06 3.30 5.51 ) . . . o
Plasma glucose at 30 phase |nsylln response). Therefore, |n3u||r) sensitivity index was
minutes (mmol/L) 730 016 5.58 0.33 also considered as a covariate focell function. We found that
Plasma glucose at 60 plasma iPTH level was an independent determinant for insulin
minutes (mmol/L) 735 0.8 457 10.05 sensitivity index (Fig 1P = .012) after adjusting for gender,
Plasma glucose at 90 age, waist-to-hip ratio, and ethnicity. However, body mass
minutes (mmol/L) 660 0.8 362 9.55 index and blood pressure had no impact on insulin sensitivity
Plasma glucose at 120 . . . .
minutes (mmol/L) 608 016 3.48 777 index. Also,_the plasmaiPTH Ie_ve_l ak_)ng wnh these_3_ c_ovgrlates
Plasma iPTH (pg/mL) 20411 174 1574 71.09 could explain 50.9% of the variation in insulin sensitivity index
Hyperglycemic clamp (Table 2). Conversely, after adjusting for insulin sensitivity, the
Fasting plasma glucose plasma iPTH level had no impact on either first phase insulin
(mmoliL) 474 004 4.07 5.41 responsel = .253) or second phase insulin resporize=(.943).
Fasting plasma insulin In addition, we also examined the role of plasma iPTH level
c|(pm0|(/jL)| | 68 3 28 131 on obesity. Plasma iPTH level correlated with body mass index
?;nﬁillf)asmagucose 996 005 0.33 10.77 poorly (2= .06p, P =.080). No cprrelatipn Wgs found be-
First phase insulin tween plasma iPTH level and waist-to-hip ratic € .0001,
response (pmol/L) 1,896 176 465 7,415 P = .944). Regression analysis confirmed that the influence of
Second phase insulin plasma iPTH level on insulin sensitivity index was independent
response (pmol/L) 500 40 104 1,567 of the influence of obesity (waist-to-hip ratio as shown in Table
Insulin sensitivity index 2). Therefore, we concluded that plasma iPTH level was not a
(um/m?2/min/pmol/L) 6.59 0.54 1.39 17.99

surrogate for obesity.
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Table 2. Regression Analysis Using a General Linear Model insulin sensitivity improved significantly after parathyroidec-
Dependent Variable Covariate Entered ” p tomy?22 Additional evidence relating PTH to insulin resistance
S PTH 104 020 stems from data that patients with primary hyperparathyroidism
were noted to have an increased risk of death from coronary
IS _ 509 artery disease by 1.71 to 1.85 tinfés his result suggests that
'PTH o 012 primary hyperparathyroidism is associated with insulin resis-
Waist-to-hip ratio* <.001 . . s .
Age* 001 tance (or decreased insulin sensitivity), as the notion between
Gender 2002 coronary artery disease and insulin resistance is well estab-

Ethnicity 075 lished?> Therefore, our observation is consistent with these
) reports describing the association between plasma PTH and
Covariate Removed P insulin resistance.
Body mass index* 283 Although the molecular mechanism of this association is

Systolic blood pressure 128 unclear, some insights have been gained from studies in uremic
Diastolic blood pressure .199 . . . . .
patients. Insulin resistance almost always presents in uremic
*The variables were logarithmically transformed before analysis. patients as a result of secondary hyperparathyroiél%?ﬁ?De
Fronzo et &’ examined tissue sensitivity to insulin with the
DISCUSSION euglycemic insulin clamp technique in 17 chronically uremic

In the present study, we observed that plasma iPTH level wa@nd 36 control subjects. They found that suppression of hepatic
inversely correlated with insulin sensitivity index and ac- glucose production by physiologic hyperinsulinemia was not
counted for 10.4% of its variation in normotensive glucose-impaired by uremia; insulin-mediated glucose uptake by the
tolerant and healthy subjects (Fig 1). Because there is no frozekiver is normal in uremic subjects; and peripheral insensitivity
serum available to measure serum vitamin D, calcium, ando insulin is the primary cause of insulin resistance in uremia
phosphorous levels, we cannot exclude the possibility that som@ith a 47% reduction in insulin sensitivityMak et af® studied
of the studied subjects had hyperparathyroidism. Neverthelesglucose metabolism in a group of adolescents and young adults
we observed this relationship throughout the entire spectrum oWith uremia using the hyperglycemic clamp technique. They
plasma iPTH levels, including normal and low plasma iPTH found that the glucose metabolic rate correlated negatively with
levels. Therefore, to our knowledge, this is the first reportPTH levels, and uremic patients with secondary hyperparathy-
describing this relationship in apparently healthy subjects. Thigoidism had decreased glucose metabolic rates and reduced
finding is in agreement with those observed in patients withinsulin sensitivity compared with normal subjeétsAfter
primary or secondary hyperparathyroidism. parathyroidectomy, the glucose metabolic rate improved by

Our finding of inverse relationship between plasma iPTH47%, and plasma insulin concentrations during hyperglycemia
level and insulin sensitivity is consistent with various reportsincreased by 37%, whereas insulin sensitivity did not change
suggesting that hyperparathyroidism is a risk factor for diabetessignificantly?® It was suggested that the underlying mechanism
Although no large-scale epidemiologic data are available tofor insulin resistance in primary hyperparathyroidism may not
date, it has been shown that the prevalence of diabetes ise the same as in secondary hyperparathyroidism, because in
increased in patients with hyperparathyroidism. Cheung'@t al the latter patients, parathyroidectomy failed to improve insulin
reported a 3.08-fold increase in the prevalence of diabetesensitivity.
among patients with primary hyperparathyroidism compared Secondary hyperparathyroidism could be corrected, at least
with the general population. Tayforeported that the preva- in part by administration of 1,25-dihydroxyvitamin,B? Using
lence of diabetes was 7.8% in patients with primary hyperparaa glucose clamp technique, M&R! showed that intravenous
thyroidism, while it was 3.0% in control patients. Similarly, 1,25-dihydroxyvitamin BQ treatment in uremic patients im-
Ljunghall et af reported a 3-fold increase, and Werner &0 al proved insulin sensitivity. However, administration of 1,25-
reported a 4-fold increase in the prevalence of diabetes imihydroxyvitamin B had no affect on insulin-mediated glucose
patients with primary hyperparathyroidism. These cumulativeuptake in healthy subjects. Similarly, in rats, continuous
data support the notion that the prevalence of diabetes imnfusion of PTH decreased insulin sensitivity by 12.5%hile
patients with hyperparathyroidism is increased by 2- to 4-fold. continuous infusion of vitamin D had no affect on glucose

In rats, continuous infusion of PTH decreases the effect ofdisposaPk! The data from the studies of vitamin D administra-
insulin on glucose utilization by 14%.In addition, insulin  tion in normal subjects and rats indicate that the influence of
resistance, one of the key features of type 2 diabetes, has be®TH on insulin sensitivity is not mediated through vitamin D.
shown in patients with primary hyperparathyroididfFurther- We observed that plasma iPTH level had a positive correla-
more, in diabetic patients with primary hyperparathyroidism, tion with the first phase insulin responsé ¢ .098,P = .023)
parathyroidectomy has been shown to improve glycemic conand a marginal influence on the second phase insulin response
trol.12.13.2223 Kautzky-Willer et af? used frequently sampled (P = .111). However, these correlations were no longer signifi-
intravenous glucose tolerance tests to evaluate patients witbant after adjusting for insulin sensitivity indeR & .253 for
primary hyperparathyroidism before and after parathyroidecdirst phase insulin response aml= .943 for second phase
tomy. Severe impairment in insulin sensitivity with reduced insulin response) because, as we also showed in this udy,
glucose effectiveness and a 2-fold elevation of insulin secretiortells of glucose-tolerant subjects compensate for the prevailing
has been observed in patients with primary hyperparathyroidinsulin resistance to maintain glucose homeostasis. In contrast,
ism when compared with control subjeétsHowever, only  there was ample evidence indicating tifatell dysfunction
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occurred in uremic patients with secondary hyperparathyroidiPTH levels showed that those with the lowest quartile were 3.8
ism?*and in uremic dogisand uremic rat8>-%7It was attributed,  times more insulin sensitive than those with the highest quartile
atleast in part if not all, to abnormal calcium metabof&fivia (11.482% 0.123 v 3.041= 0.137 pmol/L/nd/min/pmol/L,
a protein kinase C pathwd&y.Furthermoref cell dysfunction P = .002) after adjusting for age, gender, waist-to-hip ratio, and
was only observed in uremic patients with secondary hyperparaethnicity. Therefore, we conclude that plasma iPTH level is an
thyroidism and in uremic rats, but not in patients with primary independent determinant of insulin sensitivity index in normo-
hyperparathyroidism. On the contrary, overexpression of paratensive, glucose-tolerant, and healthy subjects, and it accounts
thyroid hormone-related protein in pancreatic islets of transor 10.4% of the variation in insulin sensitivity index. Further
genic mice caused islet hyperplasia, hyperinsulinemia, andydies are required to define the molecular basis of this
hypoglycemig® Therefore, further studies are required to relationship.
examine the role of iPTH of-cell function.

In summary, this study indicates that plasma iPTH level is
inversely correlated with insulin sensitivity index and for each ACKNOWLEDGMENT
pg/mL increment in plasma iPTH level, there is a decrease of we acknowledge the GCRC staff for their support and the GCRC
0.247 pmol/L/mmin/pmol/L in insulin sensitivity index. Com-  Core laboratory, directed by Dr William G. Goodman, for the iPTH
parison of those to the lowest and highest quartiles of plasmassay.

REFERENCES

1. DeFronzo RA, Andres R, Edgar P, et al: Carbohydrate metabolisnmethod for quantifying insulin secretion and resistance. Am J Physiol
in uremia: A review. Medicine (Baltimore) 52:469-481, 1973 237:E214-E223, 1979

2. Graf H, Prager R, Kovarik J, et al: Glucose metabolism and 17. Chiu KC, McCarthy JE: The insertion allele at the angiotensin
insulin sensitivity in patients on chronic hemodialysis. Metabolism I-converting enzyme gene locus is associated with insulin resistance.
34:974-977, 1985 Metabolism 46:395-399, 1997

3. Prager R, Kovarik J, Schernthaner G, et al: Peripheral insulin  18. Sanchez CP, Salusky IB, Kuizon BD, et al: Growth of long bones
resistance in primary hyperparathyroidism. Metabolism 32:800-805,in renal failure: Roles of hyperparathyroidism, growth hormone and
1983 calcitriol. Kidney Int 54:1879-1887, 1998

4. Akmal M, Massry SG, Goldstein DA, et al: Role of parathyroid 19 Ferrannini E, Buzzigoli G, Bonadonna R, et al: Insulin resistance
hormone in the glucose intolerance of chronic renal failure. J Clin Investi essential hypertension. N Engl J Med 317:350-357, 1987

75:1037-1044, 1985 o o 20. Werner S, Hjern B, Sjeoberg HE: Primary hyperparathyroidism.
5. Halver B: Glucose metabolism in parathyroid disease. Acta MedAnaIysis of findings in a series of 129 patients. Acta Chir Scand
Scand 182:737-740, 1967 140:618-625, 1974

6. Kim H, Kalkhoff RK, Costrini NV, et al: Plasma insulin distur- 59 - gaxe AW, Gibson G, Levy J: Effect of chronic vitamin D infusion
bances in primary hyperparathyroidism. J Clin Invest 50:2596-2605,50n in vivo glucose disposal. Calcif Tissue Int 64:248-251, 1999

1971 ) 22. Kautzky-Willer A, Pacini G, Niederle B, et al: Insulin secretion,
7. YasudaK, Hurukawa Y, Okuyama M, etal: Glucose tolerance amdinsulin sensitivity and hepatic insulin extraction in primary hyperpara-

insulin secretion in patients with parathyroid disorders. Effect of serumthyroidism before and after surgery. Clin Endocrinol (Oxf) 37:147-155,
calcium on insulin release. N Engl J Med 292:501-504, 1975

8. Ljunghall S, Palmafer Mf Akerstreom G, et al: Diapetes .meIIitus., 23. Kumar S, Davies M, Zakaria Y, et al: Improvement in glucose
glucose tolerance and insulin response to glucose in patients W'ﬂ?olerance and beta-cell function in a patient with vitamin D deficiency

?:rllirr?a\};ehs%plear:%ir?"f g;/;(’)lfgsgrg before and after parathyroidectomy. Eur ‘]during treatment with vitamin D. Postgrad Med J 70:440-443, 1994

9. Taylor WH: The prevalence of diabetes mellitus in patients with 24. Hedbeack G, Odaen A: Increased risk of death from primary

primary hyperparathyroidism and among their relatives. Diabet Medhyperparathyrmdlsn’w—an update. Eur J Clin In\./est 2.8:271_2.7.6.’ 1998
8:683-687. 1991 25. Howard G, O’Leary DH, Zaccaro D, et al: Insulin sensitivity and

10. Bannon MP, van Heerden JA, Palumbo PJ, et al: The relationshifF:]t C:;g;‘:g;s'éirIE;tIiZf]ughgl ;zsg;s]t-agr]l-(;e gggrosclerogs Study (IRAS)

between primary hyperparathyroidism and diabetes mellitus. Ann Surg . . .
26. DeFronzo RA, Tobin JD, Rowe JW, et al: Glucose intolerance in

207:430-433, 1988 . ificati f ic b I I | d
11. Akgun S, Ertel NH: Hyperparathyroidism and coexisting diabe- uremia. Quantification of pancreatic beta cell sensitivity to glucose an

tes mellitus. Altered carbohydrate metabolism. Arch Intern Med 138:tlssue sensitivity to insulin. J Clin Inves.t 62:425-435, 19_78 ) )
1500-1502, 1978 27. DeFronzo RA, Alvestrand A, Smith D, et al: Insulin resistance in

12. Cheung PS, Thompson NW, Brothers TE, et al: Effect of Urémia.J Clininvest67:563-568, 1981 '
hyperparathyroidism on the control of diabetes mellitus. Surgery 28- Mak RH, Bettinelli A, Turner C, et al: The influence of
100:1039-1047, 1986 hyperparathyroidism on glucose metabolism in uremia. J Clin Endocri-

13. Quin JD, Gumpert JR: Remission of non-insulin-dependentn©! Metab 60:229-233, 1985
diabetes mellitus following resection of a parathyroid adenoma. Diabet 29- Mak RH: 1,25-Dihydroxyvitamin D3 corrects insulin and lipid
Med 14:80-81, 1997 abnormalities in uremia. Kidney Int 53:1353-1357, 1998

14. Chiu KC, McCarthy JE: Promoter variation in the liver glucoki- ~ 30. Mak RH: Amelioration of hypertension and insulin resistance by
nase is a risk factor for non-insulin-dependent diabetes mellitus.1,25-dihydroxycholecalciferol in hemodialysis patients. Pediatr Nephrol
Biochem Biophys Res Commun 221:614-618, 1996 6:345-348, 1992

15. Raffel LJ, Robbins DC, Norris JM, et al: The GENNID Study. A 31. Mak RH: Intravenous 1,25 dihydroxycholecalciferol corrects
resource for mapping the genes that cause NIDDM. Diabetes Carglucose intolerance in hemodialysis patients. Kidney Int 41:1049-1054,
19:864-872, 1996 1992

16. DeFronzo RA, Tobin JD, Andres R: Glucose clamp technique: A 32. Fliser D, Stefanski A, Franek E, et al: No effect of calcitriol on



INSULIN RESISTANCE AND iPTH 1505

insulin-mediated glucose uptake in healthy subjects. Eur J Clin Invest 37. Massry SG, Fadda GZ, Zhou XJ, et al: Impaired insulin secretion

27:629-633, 1997 of aging: Role of renal failure and hyperparathyroidism. Kidney Int
33. Saxe AW, Gibson G, Gingerich RL, et al: Parathyroid hormone 40:662-667, 1991

decreases in vivo insulin effect on glucose utilization. Calcif Tissue Int - 33 Fadda Gz, Akmal M, Soliman AR, et al: Correction of glucose

57:127-132, 1995 _ ) . ) intolerance and the impaired insulin release of chronic renal failure by
34. Allegra V, Luisetto G, Mengozzi G, et al: Glucose-induced verapamil. Kidney Int 36:773-779, 1989

insulin secretion in uremia: Role of 1 alpha,25(HO)2-vitamin D3. ) ] ) )
Nephron 68:41-47, 1994 39. Sahai A, Fadda GZ, Massry SG: Parathyroid hormone activates

35. Fadda GZ, Akmal M, Lipson LG, et al: Direct effect of protein kinase C of pancreatic islets. Endocrinology 131:1889-1894,
parathyroid hormone on insulin secretion from pancreatic islets. Am J992
Physiol 258:E975-E984, 1990 40. Vasavada RC, Cavaliere C, D’Ercole AJ, et al: Overexpression of
36. Fadda GZ, Akmal M, Premdas FH, et al: Insulin release fromparathyroid hormone-related protein in the pancreatic islets of trans-
pancreatic islets: Effects of CRF and excess IPTH. Kidney Intgenic mice causes islet hyperplasia, hyperinsulinemia, and hypoglyce-
33:1066-1072, 1988 mia. J Biol Chem 271:1200-1208, 1996



