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SUMMARY
Serum levels of immunoreactive human placental lactogen (IR-HPL) and chorionic gonadotropin (IR-HCG) were
evaluated in eighty-four diabetic patients classified according to White. All patients in this group were treated with
estrogen/progesterone therapy throughout pregnancy and
were compared with a small group of twenty-seven diabetic
patients not receiving hormonal therapy. In 164 normal pregnancies, serum IR-HPL is detected first at about six weeks
and rises steadily to plateau levels of 6.2 ± 1.4 jug./ml. at
thirty-five to thirty-seven weeks. In eighty-four diabetic pregnancies, the pattern of steady rise in IR-HPL levels simulates normal but the mean values are significantly greater
than normal with peak values of 10.3 ± 4.7 /*g./ml. at
thirty-five to thirty-seven weeks. Serum IR-HCG is first
measured in normal pregnancy at about five to seven weeks

by this assay, rises rapidly to peak levels of 163 ± 60 IU./
ml. at eight to ten weeks and then falls to a nadir of
12.0 ± 2.0 IU./ml. at seventeen to nineteen weeks. Thereafter, there is a gradual secondary rise to a lesser mean
peak value of 63 ± 19 IU./ml. at thirty-five to thirty-nine
weeks. In diabetic pregnancy, the pattern of serum IR-HCG
is similar to normal but with striking quantitative differences. The mean values in the second and third trimesters are significantly higher than normal with extreme
variations among different pregnant individuals. The clinical
implications of these abnormalities are not clear but suggest that the excessive secretion of HCG may mollify the
diabetic imposition of early pregnancy whereas HPL contributes to the exaggerated glucose intolerance in late pregnancy. DIABETES 20:696-706, October, 1971.

Pregnancy has long been known to impose some degree of carbohydrate intolerance in nondiabetic women.1
Impaired glucose metabolism in pregnancy generally in-

creases to term and is often more evident in successive
pregnancies. The primary metabolic abnormalities responsible for this diabetogenic phenomenon are not yet
fully understood. The characteristic deviations from
normal which have been identified in nondiabetic
pregnancy include some impairment of glucose utilization associated with a corresponding insulin resistance. These occur despite serum insulin responses
to appropriate stimuli which are usually greater than
normal. The glucose response to intravenous tolbutamide
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Patterns of Serum Immunoreactive Human
Placental Lactogen (IR-HPL) and Chorionic
Gonadotropin (IR-HCG) in Diabetic Pregnancy

HERBERT A. SELENKOW, M.D., AND ASSOCIATES

MATERIAL AND METHODS
The eighty-four diabetic patients in the Joslin Clinic
portion of this study attended that clinic and were
under the medical supervision of Dr. Priscilla White
and her associates. Each patient had known diabetes
in the nonpregnant state and the extent of this was
designated according to White's classification.16 Once
the diagnosis of pregnancy was established, each patient
was started on a prescribed program including 1-2 ml.
of a combination of ethinyl estradiol valerate 5.0 mg./
ml. and hydroxyprogesterone caproate 250 mg./ml. intramuscularly in castor oil. This estrogen/progesterone
therapy was continued each week to term and all patients were delivered by the thirty-seventh week of gestation. The present study includes patients selected randomly from Classes A, B, C, L> and R. Class R refers to
patients with proliferative diabetic retinopathy developed prior to or during the course of pregnancy.
In order to characterize serum IR-HCG and IR-HPL
levels in patients not receiving estrogen/progesterone
therapy, a group of twenty-seven diabetic pregnant
women (the BLI group) were selected at random from
OCTOBER, 1971

the clinic population at the Boston Hospital for Women
(Lying-in Division). These patients were under the
medical care of Dr. Kendall Emerson, Jr. The number
and distribution of the BLI patients in the various diabetic groups differed significantly from the Joslin Clinic
group and thus, no direct comparisons could be made.
Serum samples for IR-HCG and IR-HPL were obtained from each patient at weekly intervals. Radioimmunoassays of IR-HCG and IR-HPL were performed
by a rapid, pre-incubated double antibody, charcoaldextran method developed in this laboratory.17-18 Placental weights were determined after removal of the
umbilical cord, extraplacental membranes and clots according to the procedure described in another publication.18* Patterns of serum hormone concentrations in
normal subjects have been reported previously for these
assays11-17'19 and were used in this study for comparison
with results obtained in diabetic patients. Statistical
analyses were performed according to standard methods
(Snedecor and Cochran, sixth edition, Iowa State University Press, 1967).
RESULTS
The characteristic patterns of serum IR-HPL and
HCG in normal, nondiabetic women obtained by radioimmunoassay in this laboratory are shown as shaded
areas in figures 1-7 and the data are listed in tables 1
and 2. Serum IR-HPL is detectable at five to seven
weeks by this assay and the levels increase gradually
throughout pregnancy to reach a peak at thirty-five to
thirty-seven weeks. Thereafter levels plateau or decrease
slightly. Serum IR-HCG was first assayed at about five
to seven weeks since most patients in this study were
not seen earlier. There is a rapid rise of serum IR-HCG
in early pregnancy which reaches a high peak at eight to
ten weeks, falls to a nadir at seventeen to nineteen
weeks and then rises gradually to a second lesser plateau
at about thirty-five to thirty-seven weeks.
Patterns of serum IR-HPL and IR-HCG in diabetic
pregnancy are generally qualitatively similar to nondiabetic pregnancy but differ strikingly in their quantitative
aspects. In the eighty-four diabetic patients of the Joslin
group (figure 1) all of whom received estrogen/progesterone therapy throughout pregnancy, mean levels of
IR-HPL were significantly above the normal range
throughout the last trimester with markedly broad variations about the mean. At thirty-five to thirty-seven
weeks, IR-HPL levels of 10.3 ± 4.7 (SD) /Ag./ml. in
the diabetic group differed significantly from levels of
6.2 ± 1.4 (SD) ju,g./ml. in the nondiabetic group.
More strikingly, serum IR-HCG levels were generally
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in late normal pregnancy is not infrequently in the
diabetic range despite supranormal secretion of insulin.
Thus, normal pregnancy induces a state of insulin resistance and consequently some impairment of glucose
utili2ation despite enhanced pancreatic insulin responsiveness.2"4 This state of insulin-resistant glucose intolerance in pregnancy disappears rapidly postpartum with
a return to normal insulin-glucose relationships in the
nondiabetic subject and an amelioration of carbohydrate
intolerance in diabetic patients. These observations bear
a striking resemblance to the metabolic alterations following growth hormone excess or induced by adrenal
glucocorticoids or, to some extent, estrogenic steroids.
Two polypeptide hormones of placental origin are of
particular interest in the diabetogenic imposition of
pregnancy. Human chorionic gonadotropin (HCG) is
known to be secreted in excess during diabetic pregnancy,1-5'8 but the extent and nature of this secretory
abundance has not been characterized with certainty.
More recently, human placental lactogen (HPL) has
been shown to have distinct diabetogenic properties
similar to human growth hormone (HGH). 9 " 14 HPL
given in concert with HGH may enhance this effect.15
The feasibility of measuring polypeptide hormones by
sensitive radioimmunoassay technics permitted the present investigation, designed to characterize the secretory
patterns of serum immunoreactive HCG (IR-HCG) and
HPL (IR-HPL) during normal and diabetic pregnancy.

PATTERNS OF SERUM IR-HPL AND IR-HCG IN DIABETIC PREGNANCY

ALL CLASSES-HORMONAL

THERAPY- 84 PATIENTS

(Mean + S.D.)
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elevated above normal but with marked variability about
the mean value throughout gestation. Although the
mean value of 163 ± 97 (SD) IU./ml. at ten to twelve

weeks in the diabetic group was not significantly different from that in the nondiabetic group (163 ± 60),
values later in pregnancy were generally quite elevated.

TABLE 1
Values of serum IR-HCG (IU./ml.) in normal and diabetic pregnancy
Patient
group
Normal
BLI (total)
Joslin (total)
Joslin A
Joslin B
Joslin C
Joslin D
Joslin R

Number of
patients
98 (104)
12 (52)
84 (557)
3(25)
15(127)
30 (224)
27(185)
9(47)

5-7
81±37(10)
112 (2)
65 ±71 (4)
—
—
—
—
—

8-10
163+60(16)
—
163±97(12)
—
182(2)
114±73(12)
160±115(6)
—

Weeks of gestation*
11-13
14-16
38±35 (5)
150± 27(7)
—
—
146+110 (27) 138+99(33)
—
—
76± 63(3)
73+60(3)
168+121 (15) 128+85 (21)
156+128(11)
163+ 48(9)
192 (1)
240 (2)

17-19
12+ 2(5)
56.2 (2)
79+57 (40)
—
75+57 (9)
76+56 (20)
84+58 (14)
132(1)

20-22
13± 2(5)
64+ 41 (5)
74+ 41 (45)
—
72+ 98(10)
63± 37(19)
57+ 47(10)
63+ 22(7)

* Numbers in parentheses indicate the number of samples. Each value represents the mean + S.D.
(Table 1 continued on top of next page)
698

DIABETES, VOL. 2O, NO. IO

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/20/10/696/346195/20-10-696.pdf by guest on 29 September 2022

Patterns of serum IR-HPL and IR-HCG
in eighty-four diabetic pregnancies (total
of all classes) followed at the Joslin
Clinic. All patients were given estrogen/
progesterone therapy and were delivered
around thirty-five to thirty-seven weeks.
In this and in all subsequent figures,
shaded areas indicate the mean + S.D.
for each three-week interval in nondiabetic patients studied in this laboratory.
The solid curves represent the mean
values in the diabetic group with upper
and lower limits representing i t S.D.

HERBERT A. SELENKOW, M.D., AND ASSOCIATES

TABLE 1 (continued)
Values of serum IR-HCG (IU./ml.) in normal and diabetic pregnancy
Patient
group
Normal
BLI (total)
Joslin (total)
Joslin A
Joslin B
Joslin C
Joslin D
Joslin R

Number of
patients
98 (104)
12 (52)
84 (557)
3(25)
15 (127)
30 (224)
27 (185)
9(47)

23-25
28+10 (6)
72+42 (6)
66±56 (46)
41 ±34 (4)
48±22 (10)
62±32 (19)
85±73 (23)
43 ±20 (6)

26-28
31±12(9)
101+43 (8)
98±93 (77)
46±33 (3)
134±144(18)
94±63 (26)
85±63 (26)
72±57 (10)

Weeks of gestation*
29-31
32-34
23 ± 12(7)
46± 22(7)
104± 53(8)
124± 54(12)
126±123(100) 165±134(109)
97± 82(7)
73 ± 37(7)
170±201 (24)
174+119(26)
125± 75 (35) 171 ±119 (32)
115± 87(35)
172±132(36)
100± 70(6)
125± 65(8)

35-39
63± 19(18)
173 ± 77(9)
151 + 133(64)
57± 22(4)
117± 92(22)
177+126(25)
137±1O1 (15)
137+ 52(6)

38-40
58+17(11)
—
—
—
—
—
—
—

At thirty-five to thirty-seven weeks, the mean of the
diabetic group was 151 ± 133 (SD) compared to a
normal of 63 ± 19 (SD).

Although there are insufficient data for meaningful
comparisons, the patterns in the individual diabetic
classes (figures 2-5) were similar to the over-all group.

CLASS A-HORMONAL THERAPY-3 PATIENTS AND
CLASS B-HORMONAL THERAPY-15
PATIENTS
Mean/*—•
Values l o — o

CLASS A : PRE-DIABETIC (ABNORMAL 6 T T )
CLASS B : ONSET AFTER AGE 20 DURATION UNDER iO YEARS

HUMAN
PLACENTAL
LACTOGEN
/tg/ml

FIG. 2.
Patterns of serum IR-HPL and IR-HCG
in three Class A and fifteen Class B patients of the Joslin group. See legend
figure I for explanation of symbols.
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* Numbers in parentheses indicate the number of samples. Each value represents the mean ± S.D.

PATTERNS OF SERUM IR-HPL AND IR-HCG I N DIABETIC PREGNANCY
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TABLE 2
Values of serum IR-HPL Oug./ml.) in normal and diabetic pregnancy
Patient
group
Normal
BLI (total)
Joslin (total)
Joslin A
Joslin B
Joslin C
Joslin D
Joslin R

Number of
patients
164 (155)
27(136)
84 (660)
3(33)
15(131)
30 (272)
27 (226)
9(56)

5-7
0.1+0.1 (7)
—
0.1+0.1(7)
—
—
—
——

8-10
0.6±0.2 (23)
0.4 (1)
0.1 ±0.1 (24)
—
0.4 (2)
0.1+0.1 (13)
0.1 ±0.2 (9)
0.1 (1)

Weeks of gestation*
14-16
11-13
O.8±O.3(18)
1.3±O.3(ll)
0.8(1)
2.4(1)
0.3±0.2(42)
0.7±0.4(40)
—
—
0.3+0.2(6)
0.6+0.3(3)
0.5+0.8(21)
1.0±1.3(26)
0.3±0.2(10)
0.7±0.4(12)
0.8(1)
O.6±O.l(3)

17-19
1.9±0.6(12)
1.4±0.6(4)
2.0±0.6 (46)
—
1.7+0.8(10)
1.4+0.5(21)
1.4+0.8(16)
1.2+0.2(3)

20-22
2.2±0.5 (9)
1.8±0.8(7)
2.5±0.9 (56)
1.3(2)
2.8±1.2(10)
2.0±0.7 (26)
2.0+0.9(19)
1.9+0.7(9)

* Numbers in parentheses indicate the number of samples. Each value represents the mean ± S.D.
(Table 2 continued on top of next page)
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FIG. 3.
Patterns of serum IR-HPL and IR-HCG
in thirty Class C diabetic patients of the
Joslin group. See legend figure I for
explanation of symbols.
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TABLE 2 (continued)
Values of serum IR-HPL (jug./ml.) in normal and diabetic pregnancy
Patient
group
Normal
BLI (total)
Joslin (total)
Joslin A
Joslin B
Joslin C
Joslin D
Joslin R

Number of
patients
164(155)
27(136)
84 (660)
3(33)
15(131)
30 (272)
27 (226)
9(56)

23-25
2.6±0.4 (8)
3.1 + 1.1(10)
3.3 + 1.7(54)
3.2+1.1 (5)
3.5+1.1 (10)
3.3±1.3 (22)
4.2±2.4 (28)
2.5±1.2(8)

26-28
3.5±0.7(ll)
3.6+1.5(21)
5.0+2.4 (88)
3.7+0.5 (3)
5.6+3.1 (18)
7.4+2.0(38)
5.4+2.3 (34)
5.2+2.3(11)

Weeks of gestation*
29-31
32-34
5.1 + 1.3(18)
3.8+0.7 (5)
4.7+2.2 (17) 5.9+2.6(31)
7.4+3.3(112) 9.4+4.4(121)
6.4+2.0 (8)
7.6+1.1 (9)
8.1 + 1.0(24) 10.0+5.3 (26)
9.0+1.5(39)
9.7+3.7 (37)
7.3+3.3(40)
9.0+4.1 (42)
6.0+1.8(6)
9.3+3.0(8)

35-37
6.2+1.4(21)
7.4+2.5 (35)
10.3+4.7(70)
7.8+2.0 (6)
11.0±4.1(22)
10.4+4.5 (29)
10.1+5.3(16)
15.8+7.2 (6)

38-40
6.0+1.4(12)
6.9+1.6(8)
—
—
—
—
—
—

No difference among the classes appeared evident from
gross inspection.
In an effort to assess the effects of estrogen/progesterone therapy on serum levels of IR-HPL and IR-

HCG, a randomly selected group of twenty-seven patients from the Boston Hospital for Women (Lying-in
Division) were studied who did not receive estrogen/
progesterone therapy (figure 6 ) . The general patterns

CLASS D - BENIGN RETINOPA THY- 27 PATIENTS
(Mean * S.O.)

IO.I ±5.3

HUMAN
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FIG. 4.
Patterns of serum IR-HPL and I R - H C S
in twenty-seven Class D diabetic patients of the Joslin group. See legend
figure I for explanation of symbols.
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* Numbers in parentheses indicate the number of samples. Each value represents the mean + S.D.

PATTERNS OF SERUM IR-HPL AND IR-HCG IN DIABETIC PREGNANCY

CLASS R - MALIGNANT RETINOPATHY-9
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(Mean Values)
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Patterns of serum IR-HPL and IR-HCG
in nine Class R patients of the Joslin
group. See legend figure I for explanation of symbols.
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and the magnitudes of serum IR-HPL and IR-HCG
levels were similar to the hormonally treated Joslin
group.
Correlations of serum levels of IR-HPL at term with
placental and fetal weights are shown in table 3. As
shown previously for nondiabetic pregnancy and confirmed in this study in diabetic pregnancy, serum IR-

HPL levels at term correlate significantly with placental
weights and, in general, with fetal weights. There did
not appear to be such a correlation when serum IRHCG levels were compared with placental or fetal
weights.
DISCUSSION
The patterns of serum IR-HPL and IR-HCG through-

TABLE 3
Correlation of serum IR-HPL levels at term with placental and fetal weights
Groups
compared
IR-HPL: P.W.*
IR-HPL: F.W.*

Number of
subjects
36
32

Weight (gm.)
(Mean ± S.D.)
536.9±119.6t
3,076 ± 0.51t

IR-HPL
Cug./ml.)
11.6±6.0
11.5±5.7

Correlation
coefficient
(R)
0.5765
0.3971

Significance
(P)
< 0.001
<0.05

Remarks
Highly significant
Significant

* P.W.—placental weight; F.W.—fetal weight.
t Approximate weights of nondiabetic placentas at thirty-five to thirty-eight weeks are 410-425 gm. (Beverschke, K. and
Driscoll, S. G. The Pathology of the Human Placenta, Springer-Verlag, p. 457, 1967). Approximate nondiabetic fetal
weights at thirty-five to thirty-eight weeks are 1,320-1,430 gm.
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FIG. 5.
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ALL CLASSES'- NO HORMONAL THERAPY-27

PATIENTS

(MeaniS.D.)
14
12
10
HUMAN
PLACENTAL
LACTOGEN
/ig/ml

8

6

2

Patterns of serum IR-HPL and IR-HCG
in twenty-seven diabetic pregnancies (all
classes) followed at the Boston Hospital
for Women (Lying-in Division). No estrogen/progesterone therapy was given
these patients. See legend figure I for
explanation of symbols.
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out diabetic pregnancy are similar qualitatively to normal
pregnancy but differ strikingly from normal in magnitude and variability. Although some investigators have
not reported significant elevations above normal term
values for IR-HPL in diabetic pregnancy,7-20"23 this has
been a consistent finding in our laboratory8*11-17'19 and
has been reported by others.24-25 The present report confirms and extends these latter observations. There does
not appear to be any significant influence on IR-HPL
levels of estrogen/progesterone therapy since similar
values were also noted in a small group of patients not
treated with these hormones. Failure to observe increased serum levels of IR-HPL in some series of diabetic pregnancy probably resulted from insufficient
numbers of diabetic patients, the time of sampling
prior to delivery, and selectivity [a preponderance of
patients with mild diabetes (Class A) would probably
not evidence any significant deviation from normal].
OCTOBER,

1971

Appropriate serial measurements of serum levels of
IR-HPL appear to furnish important information to the
physician concerning the integrity and viability of the
feto-placental unit.
Correlation of serum IR-HPL levels with placental
weights has been a consistent finding in our patients11-17-19 and this relationship is confirmed here for
diabetic pregnancy. It is thus evident that serum IRHPL levels can be interpreted to be a reasonable measure of the integrity of placental mass.26
Little information has been available in the past regarding the clinical significance of serum levels of HCG.
The recent application of radioimmunoassay to measurements of this important polypeptide hormone now permits more detailed investigations of the secretion and
pathophysiologic significance of this placental hormone.
Normal patterns of serum IR-HCG levels are similar to
those reported using bioassays27-28 or other immuno703
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FIG. 6.

PATTERNS OF SERUM IR-HPL AND IR-HCG IN DIABETIC PREGNANCY
29 31
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diabetic pregnancies conform to pattern II and have a
relatively uneventful clinical course. Closer observation
of patients with pattern I (high IR-HPL) indicates a
concurrent disproportionately increasing insulin resistance. The diabetes in these patients is more difficult to
control adequately but the pregnancy usually terminates
successfully. In patients with pattern III (high IRHCG), insulin requirements tend to remain stable or,
at times, to decrease slightly despite the characteristic
insulin resistance of late pregnancy. A sudden marked
decrease in insulin requirement is generally considered
an ominous sign in late diabetic pregnancy.
The diabetogenic properties of HPL are now well
established and appear to be similar to those of HGH.
This is not unexpected, particularly in view of the biologic and molecular similarities of these two polypeptide hormones. Recent evidence suggests some relationship between serum IR-HPL levels and insulin-glucose
homeostasis.35
The finding of high serum IR-HPL levels in diabetic
pregnancy correlating with increasing insulin resistance
is thus not surprising. In this regard, it is useful to
recall some clinical observations regarding the alterations induced by pregnancy in diabetic patients. Generally, early pregnancy little alters insulin and carbohydrate metabolism. This is true in the nondiabetic as
well as the stable diabetic. In some diabetic individuals,
however, early pregnancy improves carbohydrate metabolism as reflected by decreased insulin requirements and
unexpected hypoglycemia. Early pregnancy is associated
with only minimal quantities of serum HPL but with
tremendous amounts of HCG, reaching a peak at around
eight to ten weeks. As pregnancy progresses beyond
the twelfth week, insulin resistance gradually increases
along with carbohydrate intolerance. In the last trimester, when there is usually the greatest degree of insulin resistance, serum HPL levels become maximal and
plateau around the thirty-sixth week. At this date, there
is a marked preponderance of HPL over HCG in contrast to early pregnancy where the converse exists.
The metabolic role of HCG in regulation of carbohydrate metabolism is currently unknown. It may perhaps have an insulin-enhancing action, either directly
or indirectly through alterations in steroid secretions or
metabolism. On the other hand, the fluctuations in serum
IR-HCG levels may merely reflect some general placental dysfunction only remotely related to hormonal
action, perhaps vascular in origin. Further clinical studies are currently in progress to assess these correlations
in greater detail.
DIABETES, VOL. 2O, NO. IO
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assays. " There is a rapid and intense secretion of this
hormone in early pregnancy. Maximal placental secrettory rates of 5 x io 5 to 1 x 106 I.U./day (about 0.51.0 gm.) have been estimated27 comparable to the extremely high rates for IR-HPL of around 1.0 gm./ day.32
Because of the longer serum half-life of HCG than
HPL, this hormone can be detected in the serum and
urine long after parturition.27'28
The present observations that serum IR-HCG levels
are generally increased in diabetic pregnancy confirms
earlier studies by bioassay.5'6-33 The significance of
the striking variability in values for different pregnant
diabetics is not yet clear, nor is there adequate data
indicating any possible prognostic value to such measurements. Unfortunately, data on serum levels of IRHCG in the small groups of diabetic patients in this
investigation are insufficient to permit adequate conclusions regarding relationship of this hormone to fetal
outcome.
The paucity of information regarding the physiologic
role of HCG, particularly in late pregnancy, makes it
difficult to assign significance to the abnormal patterns
in diabetes. However, it is interesting to speculate that
placental HCG is a primitive hormone necessary for
initial survival of the implanted ovum. It may play only
a permissive role once placento-fetal autonomy is
achieved. Perhaps this primitive function is reactivated
if the conceptus is threatened later in pregnancy. Such
a view is consistent with observations34 that HCG acts
to stimulate the androgenic zone of the fetal adrenal
preferentially for secretion of dehydroepiandiosterone
(DHEA) to provide ample precursors for placental conversion to estrogens. Estriol, or perhaps DHEA, may
act as a rate-limiting regulator of placental HCG production. This explanation is supported by the earlier
observations of Smith and Smith5 and White 33 that in
diabetic pregnancy, rising urinary HCG levels were accompanied by diminishing levels of progesterone and
estrogens.
The data in this report are inadequate for meaningful
correlation of serum IR-HPL and IR-HCG levels with
the outcome of pregnancy. However, three different patterns of the relationship between serum IR-HPL and
IR-HCG were observed which appear to relate significantly with the clinical course of pregnancy. These
are shown in figure 7. Pattern I is characterized by normal or low serum IR-HCG levels with disproportionally
high serum IR-HPL levels. Pattern II is evidenced by
concomitantly elevated levels of both placental hormones, and pattern III by high serum IR-HCG levels
despite normal values for IR-HPL. The majority of
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FIG. 7. Three representative characteristic patterns of IR-HPL and IR-HCG in diabetic pregnancy. In pattern I, there is a disproportionately high secretion of serum IR-HPL; in pattern II, both IR-HPL and IR-HCG are increased; and in pattern III,
there are disproportionately high levels of IR-HCG. See text for interpretation.
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