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To the Editor: Epidemiological studies have repeatedly
shown a link between poor fetal growth and increased risk
of developing type 2 diabetes [1]. Month of birth is a good
instrument for the assessment of effects of early growth on
adult health independent of life-course factors. This is true
because in decades past there were important seasonal
differences in nutrition, especially in developing countries
such as Ukraine. These differences in access to high-quality
food supply can potentially influence intrauterine growth,
depending on the month of gestation [2]. Other possible
triggering factors for developing type 2 diabetes, such as
production of vitamin D [3] and outdoor temperature [4],
also tend to change seasonally.

Seasonal pattern of birth in type 1 diabetic children and
adolescents was repeatedly described around the world,
including our recent study in Ukraine [5]. In contrast, the
seasonality of birth in type 2 diabetic patients was
previously reported only in a few small-sample studies,
e.g. in 155 African-American type 2 diabetic adolescent [6]
and 282 adult patients in the Netherlands [7]. To study
whether abnormal seasonality of birth exists in middle- to
old-aged type 2 diabetic patients in Ukraine, we compared
the month-of-birth patterns in type 2 diabetic patients in three
large Ukrainian regions with those in general populations.

Information on date of birth, sex and year of diagnosis
was extracted from the nationwide primary-care-based
Ukrainian diabetes mellitus register created in 2000 in the
Institute of Endocrinology, Kiev, Ukraine. The definition of
type 2 diabetes was based on onset after 39 years of age,
irrespective of the type of treatment.

Cases were identified from the three regional diabetes
registers with high completeness of ascertainment: Cherni-
giv (100%), Kherson (99.7%) and Rivne (86.2%). These
registers cover 7.4% of the total Ukraine population. A
female excess was evident in all three registers. Cases were
all people alive with diagnosis of type 2 diabetes as of
1 January 2008, and who were diagnosed at age 40 or later.
Only people born before 1 January 1960 were included;
thus all cases included were at least 48. In total, 17,510
male and 34,704 female type 2 diabetic patients were
finally included in the study. Reference populations were
based on the Ukraine census 2001 depersonalised data.
These populations included people who had been born
during the same period and were residents of the same
regions: Chernigiv, 247,253 men and 369,357 women;
Kherson, 208,944 men and 291,802 women; Rivne,
189,887 men and 260,674 women.
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Seasonal birth patterns in diabetes prevalence were
estimated using logistic regression with second-order
harmonic terms. All tests were performed as likelihood
ratio tests. Analyses were also done by birth cohort (1920–
1929, 1930–1939, 1940–1949 and 1950–1959). More
details of the statistical analysis can be found in our
previous paper [5].

Seasonality of birth was evident in type 2 diabetic
patients [male: peak on 12 April, nadir on 22 November,
likelihood ratio χ2(4)=132.82, p<0.0001; female: peak on
22 April, nadir on 15 December, χ2(4)=347.43, p<0.0001].
Similar patterns of birth were obtained for all regions
studied and all birth cohorts over the study period (Fig. 1).
Surprisingly, the month-of-birth pattern obtained in the
present study for middle- to old-aged type 2 diabetic
patients is similar to that previously found for type 1
diabetic patients in Ukraine [5]. Our findings are consistent
with studies in the USA [6] and in the Netherlands [7],
showing that seasonal patterns are similar for type 1 and
type 2 diabetes.

In the study population, individuals born in April
experienced fetal life largely in the nutritionally marginal
months from late autumn to early spring, and passed the
first postnatal months in a season of relative plenty. These
individuals were found to have increased risk of type 2
diabetes. In contrast, a decreased risk was found for those

born in November–December. In this group, fetal develop-
ment in a nutritionally favourable season would have been
followed by early infancy in a season of relative shortage
(winter–spring). The first scenario has a higher risk for
type 2 diabetes development than the second one.

A possible limitation of the study is that the reliability of
the Ukrainian diabetes register has not yet been sufficiently
assessed. Further research is needed to determine the
reliability of the register data and to clarify the mechanisms
causing similar seasonality of birth in type 1 and type 2
diabetic patients.
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Fig. 1 Effect of month of birth on the risk of developing type 2 diabetes.
a The overall effect for men (solid line and black squares) and women
(dashed line and white circles). b–g Analyses subdivided by sex and
regions. Chernigiv men (n=6,411) (b); Kherson men (n=6,145) (c);

Rivne men (n=4,954) (d); Chernigiv women (n=12,183) (e), Kherson
women (n=13,593) (f), Rivne women (n=8,928) (g). In each of the
panels, the estimated patterns subdivided by birth cohort are drawn as
thin lines; the overall effects are drawn as the thick lines
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