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The objectives

The objectives of this study were (1) to examine the effect of oral diuretics on the
glucose metabolism, (2) to determine whether any disturbances of glucose metabolism
as measured by the glucose tolerance tests of these patlents is temporary or permanent
and (3) the frequency of such disturbance.

Review of the case histories of those in whom retrospective analysis®: 9 13. 14, 15, 16
suggested a diuretic induced diabetes revealed that any prospective study should be
conducted over a period of at least a year in the first instance; and that even this period
would only reveal a proportion of the numbers which might ultimately become diabetic,
as other observers!’ 2+ 3 suggest there may be a longer interval between the starting of
a diuretic and the onset of resulting diabetes.

Keen and Jarrett!! have recently re-emphasized the lack of information on these
problems and reports of prospective studies® 1°- 13 have in the main been conducted
on one particular diuretic in highly controlled clinic conditions, difficult to reproduce
in general practice.®: 13

Method
Selection of patients

Any patient who had not previously been given diuretics and was known not to
suffer from diabetes mellitus or revealed by the preliminary glucose tolerance test
(GTT) to be a frank diabetic was considered suitable for inclusion in the trial. Pregnant
patients and those who were unwilling to undergo the necessary investigations were
excluded.

Such patients were asked to have a necessary GTT prior to starting treatment, and
a further GTT after one year’s observation, or sooner in the event of diabetes mellitus
being suspected.

The d uretic

A diuretic was administered only when it was part of the normal treatment require-
ment of each patient and was not specially prescribed for the purpose of this study.
The choice of diuretic was left to the discretion of the physician who was asked not to
alter his normal prescribing routine. He was asked to record other drugs used simul-
taneously and particularly to note the prescription of potassium supplements.

The primary disorder for which the diuretic was given was recorded, likewise the
presence of co-existing disease which might also require treatment.

*The following College members are participating in the study; J. W. Duff, Shifnal; P. Frank,
Manchester; C. Haigh, Wigan; J. Miller, Stockport; R. Moffitt, Lancaster ; M. Parker, Crewe; R. Neville,
Clitheroe; J. Scott, Bamber Bridge; A Whitewright, Bolton.
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The recording

On finding a suitable patient fulfilling the above conditions the recording doctor
arranged the initial GTT and then started treatment. A minimum of monthly urine
checks (by Clinistix) was charted. This procedure was completed for the whole 12
months and finally a repeat GTT was done. Any changes of therapy throughout this
period was recorded.

If glycosuria was discovered, then a GTT was done as soon as possible, and a repeat
GTT at not less than a month after stopping the diuretic. Suitably printed recording
charts were issued to all the doctors taking part. The recording charts included spaces
for noting coincidental disease and drugs, and a history of familial diabetes, large
babies and other material which might be considered relevant.

Standards adopted

For the purpose of recruitment to the study the same arbitrary grouping as used by
the Bedford observers was adopted.* ?

Capillary blood sugar levels in mg. — Normal—less than 120 mg.
100 ml. at 2 hours after 50 gm. — Hyperglycaemia 120-199 mg.
Glucose loading. — Diabetes mellitus—more than 199 mg.

This classification has the advantage of being well known in this country and at
the same time allows study of border-line states as recommended by the World Health
Organization.'?

The standards adopted in interpretating abnormal GTT’s are those recommended by
the WHO, i.e.:

(1) Fasting capillary blood sugar level over 130 mg per 100 ml with or without glycosuria indicative
of ‘positive alert finding as to the probability of diabetes’.
(2) Capillary blood sugar level of 140 mg and over per 100 ml blood two hours after SOmg glucose
loading indicates diabetes mellitus.
A patient recruited within the hyperglycaemic group would therefore be either border-
line state (cap. blood sugar two hours after 50 g glucose—120 to 139 mg/100 ml.)
or diabetic (cap. blood sugar two hours after 50 g glucose—140 mgms or higher)
by internationally accepted recommendation.

Results

In the present series no case in the hyperglycaemic level was in fact studied.

The results are presented in tables which includes the geographical location of the
patient to confirm that such abnormal GTT’s as were recorded did not emanate all from
the same laboratory. Males are listed before females.

They are not separated according to the diuretic used, as all the diuretics used
belong to the same category and there is no evidence that one member of the group is
more prone to cause diabetes than any other. All blood sugar levels are capillary blood
sugars.

Group 1

No abnormality and no alteration in the GTT (see table I). Fasting sugar below

120 mg and below 130 mg two hours after 50 g glucose.
Group 11
Some changes in second GTT but not to abnormal levels (see table II).

Group 111

Changes in fasting levels of second GT to ‘alert’ level (130 mg) as defined by WHO
(see table III).



537

ORAL DIURETICS AND CARBOHYDRATE METABOLISM

sypuow £
‘P'q_(39WOPIY)
8w 057 vdop AN

syjuow § sAep sjeuIdle T
Sw o1 (uTRWSY) (3 moIS) Aprep 3w ¢ (xoundy) uoyjod
o8ueyo oN ‘a’v'N suipiyjoueny |Sw (09 IPHOYS 104 apizengoipudg | eisdadsAp ofuoiyd uolsuairadAy 9 Ll €L RN T {
(3 097) (ugdoN) 110dyd01§
a3ueyo oN ‘aA'V'N X9[dwod g UTWEIA Sw 009 SPLIOIYO ‘J0d 8w | spizeryiA[od snIoD uorsusyadA $99 LT w . g
Syjuow 8
‘P'q (3oWOPY)
8w gz vdop [AYISIN
syjuowr sAep 9jBUIdE T
+ 3wt Op (urpowsy) (31 MO[S) Aqrep 1 8w op (xise) uolog
a8uryo o N ‘A'V'N auIpIyISUaINy Sw 009 SpLIOYd 304 oprwesnig ainjrey seipIe) uoISuUSISdARY 65 oc1 I o ey
usmIvif)
‘syjuont
6 8w oz ‘syiuowr sqluow ¢
€ 3w og (urowsy) ‘Arrep 3w ¢ (xoundy) erwsrue uoyjog
a8ueyo oN ‘A'v'N uIpnyeuUBNy — opizengorpusg SNOIUIdG uolsua)ddAy 29 oLl oL cger
(3 X3IPIABN)
‘8w 009 SpHIO[YO "30d 110d3po0IS
a8ueyd oN ‘a'v'N — — | 8w ¢z. 0 op1ZRIYIUSdO[LD N uorsuoLRdAH 9 ovl 69 .. e
sAep sjemIalE T
‘PrIdwi.Q (I mo18) ‘P'q 3w g (xoundy) uojrog
a8ureyd oN ‘aA’v'N uxolAyy, | Sw (09°SpHOIYD lod spIzengoipusg wsiploIAqiodAH uorsusldiyy 19 $81 L9 MV
(3L moIS) (u0l01BAH) 110d3001§
o8ueyd oN ‘a'vV'N _ Swr 009 oplIoyd ‘Jod S g SUOPHEYHOD snnsAssoy) uorsusiredAyg S9 €E1 19 .. e |
P (11dassessq) P13 3w Of (UB[OLON) JsedUE]
a3ueyd oON ‘a'V'N Qurp1dissoyIs N — 2UOJOXAI0[D N uolsuspIedA €9 951 9 . ‘'S
STTVINE]
syjuow Of ‘Arep g
sqauow T ‘Afrep |
(31 X3IpIABN)
. 3w 009 SpLIOYd 104 Tewjiys
s3ueyd oN ‘av'N ULy, — | 8w gz 0 sprzBIgILRdO[AD smsuy uolsuairadAy | §89 1341 69 - G- o]
Apep Sw ¢ )
*P'q_ (3oWopIY) Apep T (31 MO[S) (xoun1dy) uojjog
a3ueyd oN ‘A’'V'N [3w 0ST edop [AqIsN  [Sw 009 SPHOD ‘1od spizengoipusg N uolsuspIadAy 89 Ll €9 WL
syjuow |1
Sw (g (XISET) IPIUOsTL]
Yjuow | 'p'q T
(I xa1p1sH)
PTI Sw 001 8w 009 SPLIOTYd ‘104
(urprjozeing) Aqrep 7 (31 molS) Sw .71 SUISA 95091IRA I3)SayouRA
o8ueyd oN ‘aA’v'N suozenqiiusyg | Swr 009 SpLIOTYd ‘3o PIZRIYIOIO[YOOIPAH N puB BWLPIO 99 8TI s o ‘g'H
(31 moIS) Aiep 1 (0§ U0I0IZAH) odyorg
a3ueyd ON ‘a’v'N — |8W 009 SPHOYd ‘104 ‘3w 0§ IUOPHEYIIOYD N uolsuaIdAy 89 061 6 | H'D
STIVIN
sup sq1
LLO puodss | LLOISiL s3nip 12410 ‘ssvjod naanq p £4p S 1 p Kavwarad| 1yS19H | 1ySom a8y wanvg

I 319VL




G. H. ANDERSON

538

sIole[IpIydUOIg

sonoIq-nuy sAep sjeuIdlje ¢ Ajrep |
'$°p'} (prue[Ipa)) (31 mors) 8w ¢ (xouldy) uojjog
s8ueyd oN ‘a’v'N D spisojeue] | Sw 009 9pHOIYd 104 spizengoipusg  sHIYIUOIq d1UOIYD alnjrey seipae) €9 1322 LL o ‘0d
Apep | (saidnjes)
3w 790- 0 duidIasay
3w LS SPLIO[Yd 104
3w .z uesim
s8ueyo oN ‘a’V'N N - SPIZEIY}OIO[YO0IPAH I'N uolsudladAy €9 891 €L o e
syiuow 6 “p°ry Arep | (3 xaIpiaeN)
8w ¢z (10zndA1L) ‘3w 009 SpHOLYd ‘10d Teujiys
98ueyo oN ‘aA’'VvV'N sunAiduury — |Bw ¢Z. 0 dpizenpuadodh) uoissaxzdag uolsualIddAH {29 Sl 09 o M
umuuay, syiuow ¢ ‘Ajrep |
squow 4 ‘Ajrep (3 xaI1piAeN)
11-1 CoEOﬂ»«Q 3w 009 3pHO[Yd 104 ISeasIp LALLM
a8ueyo oN ‘A'V'N  [Bw sz edop [AYIdN —  [Bw gZ. 0 spizeauadopohi) A1911e A1RU0I0D) uolsudlIxdA Yy £9 (24t 8S . ‘H'A
syiuow of ‘Ajiep g
3w op (xis87)
oplwasnly
syjuowr g
Antep | (3] mols) ‘Arep Sw ¢ (xoundy) 13)sayduB A
a8ueyo oN ‘aA’V'N 3w 009 apHO[Yo ‘10 apizengoipuag SUIdA 3SOOLIBA 'wapa0 | §z9 wl 143 o R i {
‘P'q 1 (3 moIS) Aqtep 3w Ja)sayoue N
a8uryo oN ‘A'V'N 8w 009 apHOYd 10d apizengoipusg SUIOA 9SOJLIBA rWIPIQ 9 %1 14 o TA
syluow ¢ ‘Ajiep ¢
syjuow ¢ (3] MO[S) 3w ¢ (xoundy) J9ysayouB |y
s8ueyd oN ‘a’v'N ‘3w 009 SPHOIYO 104 splzengoipuag elwaeuy 'WLpaQ #£9 134} 9% o ‘O'NW
sqiuow 9 (uXfeIqry)
Swg.z
sprwolq wniuIpy
Swg
aspixodazeipioyD syjjuow
's'p) Sw ¢ Aq1ep [ (3 XoIpIAEN)
(Inowa)s) 3w 009 IPLOIYD “10d rewys
98ueyo oN ‘aA'vV'N duizesadiogoolg — [Bw ¢z. 0 9p1zeryiuadodA)  [eisdadsAp snoAIoN uoisusndAyg 9 881 144 o odd
STIVINE]
sut sq
LID puod3s \ | LLD 1S4 s3nap 12410 ‘ssvjod naamq@ 1p £4op S p davwirad | 1yS1oH | 1y31om (214 wanuvd

panunuod | gTGVL




539

ORAL DIURETICS AND CARBOHYDRATE METABOLISM

‘P'q (saldnjes)
3w ¢790°( durdissoy
8w ZLS SpLOLYD Jod

3w ¢ w (6 3w
S- Tl I9)sROUE
Bunsey Bunseqy 1IN 9pIZeIYIOI0[YO0IPAH JI0In ondog uolsuslRdAg L9 191 sS L .M——.Z
STTVIN
suy S
LI puodag | LID sy s8nap 42y10 ‘ssvjod onaamq s1souSpip Livpuodas | sisousvip divwirag | S Sw..w& a3y wanvd
III 3719VL
3w 6]
Jo Jedns
|
ynm W 0p1 ‘p'q (seadnje
Jnoy | je anoy | je Sw wNoM.Ae o.._ma_._owmwm
u_uswmh_om_wmv ..amzm. eﬂ om_m 8w /S 9pLIOIYd 104
0 " sw g7
Sunseq Bunseg 1IN 9PIZBIYI0IOIYO0IPAH - uolsualladAy 19 06 9 . ._owm_mm.._.nm.u.z
syjuow g ‘Arrep
8w o (urjowsy)
suipnysuenn
swozi | Swgy b Gowopry)
‘P'rb (3awopry) Aqrep 3w op (xise )
Bunseq Bunsey edop Ao sprwasnig IIN uolsualiddAy 9 SL1 S o ._Smmw:mw.m-
STTVNI]
syiuouw [f (J0d1qV)
8w ¢. Z sp1zenyoipusg
8w ¢]. ¢ surdiasoy
Yiuous |
Sw o1 Swgy P31 3w 09 Aqrep “3w og (ue[0IjoN)
Sunsey Bunseq Juojiqieqouayq : 3UO0[0X310[D 1IN uorsualdAy oL 90T 0S i ._o.ma.o.um\.w_.m
3w 06 3w g9 ‘P'q (3dwopyy) Aqrep 3w of (uejoLjON)
Sunsey Bunsey edop Ay uoJoX3I0]D N uolsualRdAy <9 Ll <4 o ._oumuoa.uw.ﬂ
STIVINL
sup s -
LLD puodag | [LID 15414 s8nap 42410 ‘ssvjoqd Maamq S1Sou8vIp A4vpuodas | sisousvip Livwirag :E...um 3«“\: a8y wanvg
II 379VL




540 G. H. ANDERSON
Group 1V
Second GTT abnormal to diabetic levels not requiring treatment (see table IV).

Group V

Second GTT to gross diabetic levels reversible to normal GTT on stopping the diuretic
(see table V).

This patient developed glycosuria and other manifest symptoms of diabetes suddenly in her fourth
month of treatment. She required 100 mg chlorpropamide daily during her temporary diabetes. Her
fasting capillary blood sugar was 200 mg and her blood sugar at two hours after 50 mg glucose loading
was 275 mg. One month after stopping her diuretic the GTT returned to normal and her glycosuria
has since not returned. There is no history of diabetes in her family.

Three charts could not be completed, one of which showed a diabetic state (capillary
blood sugar 193 mg per 100 ml two hours after 50 mg glucose loading) at the end of
the observation period, but as no initial GTT was performed it is not proven as a diuretic
induced diabetes.

Analysis

Prospective study of 27 patients taking oral diuretics produced three patients with
significant diabetic changes in their GTT’s compared with the GTT prior to the use of the
diuretic. Four other patients showed minor changes, the significance or otherwise of
which may well be determined with further observation.

Discussion
The results are neither reassuring nor surprising. Within the limitation of the small

numbers involved they conform to the anticipated results based on the retrospective
observations on which this project was designed.!-?

Administration of potassium, in this series, has not prevented impairment of
glucose metabolism. Healy and his co-workers!® have shown that depletion of total
body potassium by diuretics was not accompanied by any evidence of impaired glucose
metabolism in their intensively studied cases.’® This must throw some doubt on accept-
ing Conn’s theory® that potassium depletion is a major factor in producing diabetes
in these cases, though it may be true in the particular cases of hyperaldosteronism
with which he was working.

All the diuretics used in this study contain a sul;;hamoylbenzine grouping and the
thiazides are related to diazoxide, the powerful hyper-glycaemic drug.

The evidence confirms that there is a price to pay in using these potent diuretics
which is measurable as a percentage of patients who will develop diabetes mellitus.
The price may not be quite so high as might at first be thought, as apparently even the
elderly can survive assault on their carbohydrate metabolic system provided the offending
diuretic is stopped quite soon, but there remains the question whether permanent
diabetes is induced if the diuretic is continued over a long period.

If, in this small series alone, three patients developed diabetes at the end of one
year’s diuretic treatment it follows that a not inconsequential number of iatrogenic
diabetes similarly produced has been annually generated since 1957 when thiazides
first began to be used freely in this country. Much of our modern information on the
incidence of diabetes in this country stems from the Bedford and Birmingham series of
observations.” 1 The Bedford survey was published in 1964 on work done in 1962,
five years after thiazides had been widely used. They quote an incidence of over 30
per cent of cardio-vascular disease with diabetes. It seems probable that in this 30 per
cent some unknown proportion had received diuretic therapy and in turn produced a
percentage of iatrogenic diabetes. It would be unwise, on the basis of our small series,
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to attempt to calculate what proportion of total diabetes recorded in these epidemio-
logical studies does not represent naturally occurring disease and therefore to some
extent avoidable.

Summary

Prospective studies on 27 patients using diuretics revealed two diabetics and one
‘alert’ (fasting blood sugar of 155 mg/100 ml) in a year’s observation. Minor deteriora-
tions are recorded in four other patients.
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