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Abstract. The early insulin responsc 10, and the 11lucose 
di�appearance rate rollowing, glucose injec1ion was studied 
in 19 patients "ilh localized granuloma annulare. The rcsults 
"ere comparcd with data from a rcference group or 50-year­
old women randomly selectcd from thc population. No 
association was found between granuloma annulare and a 

decreased tolerance to glucose or a decrcased early insulin 
rcsponse. 

In a preceding paper evidence was presented of 

patients with granuloma annulare (GA) in localized 

form ha ving norma I glucose tolerance, as judged by 

the oral glucose tolerance ar.d the cortisone-glucose 

tolerance tests (21 ). This agrees with recent findings 

by Meier-Ewert & Allenby (20), Williamson & 

Oykes (36) and Haim et al. ( 11 ). On the other hand, 

Rhodes et al. (27) and Hammood el al. (14) found 

an association between GA and glucose intolerance. 

The lack of association between GA and decreased 

tolerance to glucose, as found in our previous study, 
does not precludc thaL GA is associated with the 
diabetic state. It is geaerally accepted that genctic 

factors may play an important role in the develop­

ment of diabetes mellitus. The time elapsed between 

conception and the appearance of a decreased 

tolerance to glucose is called the "prediabetic period" 

(35). Prediabctic subjects are supposed to be charac­

terized by a decrcased and delayed early insulin 

response 10 glucose injected intravenously (6). In 

lhis report we describe thc glucose dirnppcarance 

rate and the early insulin response to glucose injected 

inlravenously in patients with localized GA as 

compared with a sample of the female population. 

MATERIALS 

Pa1ien1s. The study "a� madc in 19 consccutive out-patients 
w1th localized GA collected during onc )car. All patiems 
wcrc examincd b> al least l"'O experienced dcrmatologists 
and most wcre biop�icd. The mcan dura1ion or lesions was 

3½ years (range 1/2-17 years). All patients had lesions at 
the lime of the study. The sitcs of thc lcsions wcrc hands 
( 11 cases), arms (4 ca ses). legs (I case) and feet (3 cases). 
Three patients were aware of diabetes in parents and/or 
sibs, and anolher 7 in other rclatives. Further data are given 
in Table I. 

Reference group. A population study or women was 
performcd in Göteborg, Sweden, 1968-69 (2). The women 
were selected at random from the Revcnue Officc Register. 
A total or 355 women. aged SO, wcre studied with an intra­
venous glucose tolerance test and the early insulin response 
was mcasured simultaneously (3, 4). 

Threc women with fasting hyperglycemia wcre discloscd 
in the population group (one or them previously unknown), 
and the rercrcnce group in this study thcn consisted of 352 
women, corresponding lo 85 o/. of the population sample. 

19.6 % of the womcn in thc reference group werc aware of 
manifest diabetes in parents and/or sibs, and anothcr 12.8 "• 
in other rclatives. Further data are presented in Tablc I. 

METHODS 

During th� 3 days immedia�cly prcceding thc intruvcnous 
glucose tolcrance test the subjects werc prescribcd a diet 
containing 300 g carbohydratcs. The subjccts reportcd to the 
hospital in the morning after 12 hours or fasting. No smoking 
was allowed in the morning. The test was carried ou1 between 
8 and 9 a.m. with the subject recumbenl during the whole 
period. Arter 15 min rest, glucose 0.5 g J..g body-"eight in 
a 50 % aqueous solution was injected during 2.5-3 min. 
Zero lime was set at the start of the injcction. I mmcdiately 
bcfore and at 4, 6 and 8 minutcs after 1he start or the injcction, 
vcnous blood samplcs were taken for blood gluco,e and 
serum insulin determinations. Vcnous blood samplcs werc 
taken every 5 min from 25 to 60 min for glucose determina­
tions. Glucose was dctermined "ilh a glucose oxidasc method 
( 18). The glucose disappearance rate (K-,alue) wa, calculated 
from thc slope or \Otal blood glucose on n logarithmic scalc 
between 25 and 60 min (I 3). The best rit of the straight line 
was detcrmined u,ing the mcthod of lcast squarcs. Blood 
glucosc values 10 mg/I 00 ml or less above the t.1,1ing levcl 
were cxcluded bccuuse values npproximu1ing the fasting level 
orten dcv,ate from lineari1y. 

Serum insulin was determined with a double antibod) 
mcthod originally described by Hales & Randlc (12) using a 
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Table I. Co111pariso11 of patie11t, and re.ference group 

Number 
Sex. male remale 
Agc, )r"i, mean {rangc) 

20 

20-29
30-W
40-49
50-59

Relative weight 110, mcan 

(rangc) 
100 

101-110 
111 120 

121 

Granuloma 
annularc 

19 
2 17 

37(15 57) 
I 
6 

4 

J 

5 

101 (77-133) 
10 (52.7 "o l 
7 (36.8 ''.,) 
0 
2 (10.5 ".,) 

Reference 
group 

352 
0 352 

50 

109 (76-170) 
111 (31.5 °

0) 
106 (JO.I 0

0) 

70 (19.9 °,.) 
65 (18,5°0) 

commcrcial radioimmuno-a,say kit (The Radiochemical 
Centre. Amershnm, U.K.). 

The earl) in;,ulin response (ER) \\as calculated accord111g 
10 Thorcll el al. (31) u,ing serum insulin values bcfore. and 
4, 6 and 8 min alter thc start of the glucose injcction. ER is an 
expression of 1hc total early im,ulin rcsponsc and 1s 1he sum 
of mea;,ured serum insulin incrcase al 8 mm and lhe insulin 
calculated to ha,e disappcared by then (31). 

Relative body weight was expressed as a pcrccntagc of Lhc 
ideal wcight ( I 9). 

Comcntional statistical methods \\erc used for calculation 
of mean valuc. standard deviation (S. D.) and coerficicnt of 
correlauon. Significancc of dirrcrcncc bct\\cen mcans wa, 
studied by Studcnt's 1-test (lwo-tailcd tesl) and thc hypo­
thcsis of difrerences m frequencies between groups wa� 

tc$ted b) the chi-squarc test (n.,. not significant). 

RESULTS 

Glucose tolera11ce rest. The mean K-value in the 

patients with GA differed significantly from that 

in the rcrerence group (Table H). None in the GA 

Glucose mg/100 ml 
Insulin mU/I 

250 

200 

150 

100 

50 

4 

GLUCOSE (Meon ! SEM) 

6 

Q Gronulomo onnulore 

♦ Reference group

8 min. 

Fig. I. Serum insulin and glucose ,alues follo"ing intra­
venous injection of glucose. 

group had a clearly pathological K-value ( < 0.90) as 

compared with 6 °
0 in the reference group. Two 

women (aged 15 and 55) and one man (agcd 46) 

had borderline K-values (0.99, 1.06, 0.99, respective­

ly) ascompared with 11 % in the rcferenccgroup (n.s.). 

58°0 of the patients with GA had K-values above 
2.0 as comparcd with 29 °

0 in the reference group. 
l11s11/i11 studies. The mean fas1ing serum insulin 

leve! was 10.1 mU/1 in the GA group which was 

significantly different from that in the reference 

group (Table 11). Glucose injection increased the 

serum insulin in all patients with GA (Table 11, 

Fig. 1). The increase was highest at 4 min in all 

Table 11. K-ralue, fasti11g i11s11li11, i11s11/i11 values after glucose i11jectio11 and early i11s11/i11 response (ER) in 
patients with gra1111!0111a a,11111/are and in a reference group af wo111e11 aged 50 

Granuloma unnulan: Refcrcnce group 
(n- 19) (11- 352) 

Significance 
Mean S.D. Range Mean S.D. Range of d,ffcrcnce 

K-value 2.77 1.94 0.99-7.20 J.88 I. JO 0.59-9.90 p<0.01 
Insulin 

0 min 10.1 3.8 5-19 13.9 5.3 3-47 p<0.001 
4 min 70.0 40.0 29-150 86.7 46.8 12 390 n.s. 
6 min 59.3 35.6 21 142 72.6 45.6 14 495 n.s.
8 min 46.5 27.8 14-115 60.9 J7.4 14 380 p<0.01 

ER 68.1 45.3 16- 174 85.4 60.4 0 559 n.s. 
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but one of the GA patients as compared wilh 86% 

in the reference group. The variation in the insulin 

increment was considerable in both groups. The 

range of peak increase was 18-131 mU/1 in the GA 

group comparcd with 0--448 mU/1 in the reference 

group. 

The mean ER, calculated from the serum insulin 

values ar. 0, 4, 6 and 8 min, was 68.1 mU/1 in the 

GA group as compared with 85.4 mU/1 in the refer­

ence group (n.s.) (Table 11). Three patients with GA 

had a low ER as defined as an ER ,,::30 mU/1 

(16, 18 and 29 mU/1 respectively). In the reference 

group, l0�0 had an ER ,s,30 mU/1 (n.s.). 

ER of the GA patients aged 15-39 was 74.8 ±41.1 

mU/1 as compared with 58.8 ±51.5 mU/1 in those 

aged 40-57 (n.s.). The latter group of 8 patients was 

heterogeneous as 2 of them had borderline K-values 

and low ER and another thc highest ER in the wholc 

GA group. The correlation coefficient between age 

and ER in the GA group was - 0.37. 

ER of 10 GA patients with a relative weight of 

77-!00% was 69.5 ::::45.7 mU/1. In the reference 

group the corresponding ER was 69.6 ±38.0 mU/1 

(n.s.). The correlation coefficient bctween relative 

weight and ER in the GA group was 0.27. One 

patient in the lean GA group had an ER <: 30 mU/1 

as compared with 6.3 °� of the Jean women in the 
reference group (n.s.). 

The glucose stimulation, as measured at 4, 6 and 8 

min after glucose injection, was the same in the 

GA group as in the reference group (Fig. I). 

DISCUSSION 

The histopathological similarity between GA and 

necrobiosis lipoidic1 (37) and the close association 

between necrobiosis lipoidica and diabetes (23) 

suggest an association between GA and the diabetic 

state. However, the frequency of manifest diabetes 

in patients with GA is not considered to be increased 

(34). The problem has therefore been approached 

by studying the prevalence of glucose intolerance 

in non-diabetic GA subjects. When studying glucose 

tolerance some difficulties in the interpretation of 

the results must be considered. The prevalence of 

decreased glucose tolerance is high in the general 

population, especially in elderly and obese subjects. 

The selection of patients and reference group is thus 
extremely importanl for the outcome of the study. 

The GA patients in the present study were selected 
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consecutivcly from three outpatient clinics of derma­

tology in Göteborg and were considered to be all 

patients with newly detected GA in this area. The 

women in the reference group were randomly 
selected from the total population of 50-year-old 

women in the same town. The implication of the 

differences in age and relative weight between the 

GA patients and the reference group will be discussed 

in detail later on. 

Other factors which may be responsible for the 

nonconformity in the results reported on glucose 

tolerance in patients with GA (11, 14, 20, 21, 27, 36) 

are low rcproducibiliry and difference in test pro­

cedures, methods for glucose determination and 

criteria for interpretation of the glucose tolerance 

curve. 

In the present study the mean K-value in the GA 

patients was higher than that in the reference group. 

This may be explained by the lower mean age in the 

GA group, since the tolerance to glucose decreases 

with age (8, 33). The frequency of low or borderline 

K-values in the GA group did not exceed the

frequency in thc reference group. Our results support

the view that no association exists between localized

GA and a decreased glucose tolerance.

The glucose-stimulated secretiort of insulin is 

considered to be biphasic, with an early and a late 

phase (9, 24). The early phase is almost instantaneous 

and the peak value in peripheral blood is reached 

within 3-5 min from the start of the glucose injection 

(4, 31). The early phase lasts only a few minutes 

and the T¼ for insulin is calculated to be about 7 

min (31). lf the early phase of the insulin secretion 

has to be mcasured it is obvious that blood samples 

must be t'l.ken r�pc:atedly during the first 10 min, 

with the first sample not later than 3-5 min. 

The early insulin response is very low or almost 

lacking in juvenile (32) as well as in maturity-onsct 

diab::tes (5, 32). Since very low early insulin response 

has been found in subjects with normal glucose 

tolerance, it has bccn suggested that a low carly 

phase also is characteristic of the prediabetic state 

(6). In the general population of 50-year-old women, 

as judged from the reFerence group, the frequency of 

very low early insulin response is below I% in 

subjects with normal glucose tolerance (4). The total 

rnorbidity risk and the life table cxpectancy in 

women for clinicilly manifest diabetes have, in 

Sweden, been estimated to 13 and 10.3 °� respectively 
(10). The balance of evidence indicates that many 

women with early insulin response higher than that 
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found in maturity-onset diabetes will in due course 
develop manifest diabetes. 

The range in early insulin response was consider­
able in the GA patients as well as in the rcference 
group. No GA patients had as low ER as maturity­

onset diabctics (5). The mean ER and the frequency 

of low ER in the GA group wcre not significantly 
different from wha! would be expected in the general 

population, as judged from the referencc group. 

No high ER ( > 180 mU/1) was noted in the GA 
group, as compared with 5 ";0 in the referencc group 

(4). 
The influence or age on the early insulin response 

has been discussed in a few papers. Cerasi & Luft 
(7) found as high prevalence of low insulin respond­
ers in children as in adults and suggested that a low
insulin response is genctically dctcrmined and does

not change with age. Sterky & Thorell (30) found no
association between age and ER in subjects aged 
12-26. Crockford (8) and Barbagallo-Sangiorgi et al. 
(I) in small groups of subjects found lower early
response in old than in young pcople.

In thc present study the range in ER was consider­
able both in young and middlc-aged GA patients. 
The numbcr of GA patients was 100 small for general 
conclusions about the association between age and 
carly insulin response. It would seem that the dis­
crepancy in age betwcen the GA group and the 
reference group cannot in a major degree influence 
the interpretation of the results. 

It is generally accepted thal obcsity is associated 
with an increased secretion of insulin (17). The 
insulin rcsponse mcasured in this and othcr studies 

was mainly related to the late phase of insulin 
secretion, as glucose loads were given orally. On 
the other hand the early insulin response has not 
becn associated wilh obesity (15, 30). ln the rcference 
group or the present study the variance in ER was 
significantly differenl in lean women ( <:: 100 °

0) 

from that in women above 100°
0 relative weighl, 

indicating that groups of subjects must be carefully 
matched as to degrec of obesity when ER is compared 
(4). 

As a higher frequency of lean subjects was present 
in the GA group than in the rcference group, these 
two groups cannot be comparcd as a whole. When 
studying lcan womcn only. thc ERs were almost 
identical in the GA patients and the reference group. 
The discrepancy in relative wcight may thus be 
rcsponsiblc for the lower mean ER in the GA group. 

lf the hypothesis is accepled, that a decreased early 
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insulin response is the basic pathogenic factor in the 
development of all stages of diabetes including the 
prediabetic state (6), this study has not disclosed any 
association betwecn localizcd GA and the diabetic 
syndrome. This hypothesis is, however, still unprovcn 

and has not been fully accepted, since normal 

earJy insulin response has been reported in patients 

with impaircd glucose tolcrance (16, 25). 

A rare variant of GA, callcd generalized GA, has 

been associated with the diabetic statc (11, 26, 28) 
and it has been reported (22. 29) thal GA in diabetic 
subjects often presents with atypical or unusual 
forms. Il is attractive to spcculate thal all stages of 
rhe diabetic syndrome, including thc prediabctic 
state, may causc the GA lo becomc gcneralized 
or atypical. Further investigations of this hypothesis 
are required. 
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