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SYNOPSIS ..o iiiiiiiiiii i

Hemoglobin, mean corpuscular volume, erythro-
cyte count, and leukocyte count were measured,

and hematocrit, mean corpuscular hemoglobin,
and mean corpuscular hemoglobin concentration
were computed electronically for 7,739 healthy
black persons. The study population comprised
3,393 males and 4,346 females 1-84 years of age,
all from the Washington, DC, metropolitan area.
Persons with sickle cell disease and elevated hemo-
globin F were excluded from analysis, but those
with traits for hemoglobin S, C, and thalassemia
were not. Mean and percentile values are presented
in tabular form.

Hemoglobin, hematocrit, and mean corpuscular
volumes were lower than those reported in surveys
of white populations. Beginning with the 11-15-
year age groups, black males had higher red cell
values than black females. After age 30, mean
hemoglobin levels for men gradually declined,
while those in women rose, so that the sex
difference diminished after 60 years of age.
Leukocyte counts were higher in young children
and in women, compared with men ages 21-50
years. After 60 years of age, the sex difference
disappeared. Further large surveys that exclude
data on persons with iron deficiency are needed in
black populations.

RED BLOOD CELL AND WHITE BLOOD CELL values
are known to vary according to age, sex, and race.
Studies have consistently shown that black Ameri-
cans have lower mean and percentile hemoglobin
and hematocrit values than whites. Studies have
also revealed lower mean and percentile leukocyte
count values for blacks. These racial differences
were confirmed by the second National Health and
Nutrition Examination Survey (NHANES II) (/).
There may be a need for separate reference
hematological values for black populations. We
measured blood cell counts in a large number of
apparently healthy, noninstitutionalized black per-
sons, and we report our results for different age
and sex groups in tabular form.

Methods

The study population comprised 7,739 black
persons, 3,393 males and 4,346 females. Their ages
ranged from 1 through 84 years. All subjects were
presumably healthy individuals living near sea level
who requested sickle cell screening for themselves
or their children from a mobile health unit
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operating in Washington, DC, and the surrounding
counties in Maryland and Virginia (2). The investi-
gation was carried out from 1977 through 1980.

The prevalence of the sickle cell trait in this
population of black Americans was 7.3 percent.
All tests were carried out between 9 a.m. and 4
p.m. Fasting prior to the procedure was not
required. Pregnant women were not excluded.
Capillary blood was collected in heparinized tubes
and analyzed using an electronic blood cell counter
(JTB 700, J. T. Baker Instrument Division,
Milford, CT) in the mobile unit. The cell counter
measured hemoglobin, erythrocyte count (RBC),
mean corpuscular volume, and leukocyte count
(WBC). Hematocrit, mean corpuscular hemoglo-
bin, and mean corpuscular hemoglobin concentra-
tion (MCHC) were computed by the instrument
from the measured values. The cell counter was
calibrated each day using commercial standards as
recommended by the manufacturer (JTB 700 in-
struction manual, section IV).

Laboratory results were statistically analyzed
using an IBM 370 computer and a standard
statistical (SAS) software package. Before analysis,



Table 1. Hemoglobin percentile and mean values for black Americans

Hemoglobin (grams per deciliter)
Age Number  3rd 5th 10th 25th 50th 75th 90th 95th 97th Mean SD
Males
1-2years............ooevvnnn 70 109 109 111 116 121 127 130 134 134 121 0.7
3years. ... 322 103 108 110 115 120 126 130 135 138 121 0.8
4years............eeiiiien. 444 109 111 112 117 123 128 133 136 138 123 0.8
Syears...............oiiiin. 135 108 110 114 119 124 130 133 136 138 124 0.8
6-10years ................... 189 109 113 116 121 126 1341 13.7 1441 144 126 0.8
11-15years .................. 255 113 116 122 127 135 143 148 151 153 135 11
16-20years .................. 460 124 128 132 1441 148 155 163 167 170 1438 1.2
21-30years .................. 691 128 133 138 144 152 159 166 170 172 152 11
31-40years .................. 364 128 129 135 143 150 158 165 168 170 15.0 11
41-50years .................. 197 122 128 133 141 148 157 165 169 17.2 149 1.3
51-60years .................. 144 118 123 131 138 147 156 163 16.7 172 147 1.3
Older than 60 years ........... 76 116 117 129 135 143 149 159 164 164 143 1.2
Females

1-2years..................... 85 106 109 111 11.6 121 126 132 134 136 121 0.8
3years............oiiiii... 298 108 110 1.2 117 122 128 132 136 139 122 0.8
4years................ouunnn. 462 108 110 1.2 117 123 128 134 137 139 123 0.8
Syears....................... 125 109 110 112 118 123 129 134 138 144 124 0.9
6-10years ................... 238 107 112 116 1241 127 132 137 142 142 126 0.9
11-15years .................. 411 112 114 118 123 129 135 141 144 146 129 0.9
16-20years .................. 575 111 113 119 124 131 13.7 143 148 152 131 1.0
21-30years .................. 993 112 114 118 126 133 140 147 153 155 133 1.1
31-40years .................. 570 112 115 120 126 133 140 147 151 153 133 1.1
41-50years .................. 325 1.1 115 120 126 134 142 148 152 154 134 1.1
51-60years .................. 177 116 118 122 128 133 142 146 153 156 135 1.0
Older than 60 years ........... 83 1.7 118 119 129 13.7 143 151 162 153 136 11

persons with values that were clearly due to
laboratory or transcription error were deleted from
the total of 7,783 subjects. Nine persons with
sickle cell disease or an ‘‘AF’’ hemoglobin
electrophoretic pattern, which indicates the pres-
ence of delta-beta thalassemia trait or the trait for
hereditary persistence of fetal hemoglobin, were
also excluded from analysis. The total number of
subjects whose results were deleted was 44, or 0.57
percent of the total.

Results

The mean and percentile values for hemoglobin,
hematocrit, mean corpuscular volume, erythrocyte
count, mean corpuscular hemoglobin, mean
corpuscular hemoglobin, mean corpuscular hemo-
globin concentration, and leukocyte count are
listed according to age and sex for the study
population in tables 1-7.

Hemoglobin, hematocrit, mean corpuscular vol-
ume, and erythrocyte count levels were lowest in
preschool and school-age children. The values
increased with age, with a sex difference in
hemoglobin, hematocrit, and MCHC becoming
evident at puberty. Hemoglobin, hematocrit, and
erythrocyte counts were higher for 11-15-year-old

boys than for girls in the same age group. The
values for men continued to rise until they peaked
in the 21-30-year age group and thereafter gradu-
ally fell. Hemoglobin and hematrocit values for
women continued to rise, slowly but steadily, so
that after age 60 they approached those of men in
the corresponding age group. Mean corpuscular
volume and mean corpuscular hemoglobin were
not appreciably influenced by age.

Leukocyte counts were highest in the 1-2-year
age group for both sexes and then gradually
decreased to reach a nadir at ages 11-15 in boys
and 6-10 in girls. After puberty, the mean
leukocyte counts increased for both sexes, with
women having higher values than in men ages
11-40. After age 40 there was no appreciable
difference in WBC between the sexes, and values
fell, so they were lower for both men and women
after age 60 than they had been between ages 21
and 50.

Discussion

Our study of red and white blood cell values
from 7,739 healthy blacks ages 1-84 is the largest
of its kind reported to date (3-5). NHANES II,

which was carried out at approximately the same
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Table 2. Hematocrit percentile and mean values for black Americans

Hematocrit
Age Number 3rd 5th 10th 25th 50th 75th 90th 95th 97th Mean SD
Males
—2YBarS.......oiveiiiienns 70 315 319 329 339 354 375 391 396 401 357 24
3years..........ooeiiiiininn. 322 305 315 325 342 358 378 395 405 410 359 2.8
4years.........c.ooviiiiinan.. 441 318 324 333 350 369 387 402 413 421 369 2.7
Syears...........ocoiiiinann. 134 314 318 330 349 362 378 397 412 421 364 28
6-10years ................... 188 331 337 344 354 371 390 404 423 431 374 26
11-15years .................. 255 335 342 355 383 406 432 453 463 479 406 3.7
16-20years .................. 462 36.7 382 392 415 436 464 494 511 522 440 39
21-30years .................. 713 379 392 407 429 453 476 498 515 526 453 37
31-40years .................. 369 378 386 400 422 450 477 496 512 518 449 3.9
41-50years .................. 205 347 372 391 419 448 468 501 518 535 444 45
51-60years .................. 149 352 358 367 40.7 437 466 493 504 507 435 45
Olderthan 60 years ........... 76 335 339 364 406 424 449 477 485 486 424 40
Females
1-2years............co.ouvunn. 85 301 314 326 340 357 378 394 400 402 358 27
3years..........c..coiiiini.n. 298 315 322 331 348 366 381 398 411 421 366 27
4years.............coeiiininnn 461 320 326 335 350 367 383 399 416 422 367 2.6
5Yyears..........c.ooviiinininn 126 316 320 326 338 357 378 404 411 416 36.1 2.9
6-10years ................... 236 325 331 339 355 377 394 412 427 440 377 30
11-15years .................. 410 332 340 351 371 392 411 429 447 454 391 3.1
16-20years .................. 576 322 331 345 368 389 411 433 448 457 390 35
21-30years .................. 992 326 335 347 369 395 418 441 454 464 394 36.
31-40years .................. 572 323 332 350 370 395 420 442 457 465 395 37
41-50years .................. 324 326 335 352 376 401 422 444 459 467 399 3.7
51-60years .................. 177 337 342 360 382 407 429 453 469 472 406 3.8
Older than 60 years ........... 83 320 329 342 374 398 434 448 464 480 400 4.2
Table 3. Mean corpuscular volume percentile and mean values for black Americans
Mean corpuscular volume (femtoliters)
Age Number  3rd 5th 10th 25th 50th 75th 90th 95th 97th  Mean SD
Males
—2years.........cooiiiiiinn 70 68 70 4l 76 81 85 88 89 90 80 6
3years............coiiiiin, 322 69 72 74 78 83 87 90 92 93 82 6
4years............couiiinn. 444 72 74 77 81 . 85 89 92 94 96 85 6
Syears............coooiii... 135 71 72 76 79 83 87 90 91 91 82 6
6-10years ................... 189 71 73 76 80 84 88 92 93 95 84 7
11-15years .................. 255 72 75 78 82 86 91 94 97 98 86 7
16-20years .................. 463 75 78 81 86 90 94 97 100 102 90 7
21-30years .................. 715 76 78 81 87 92 96 100 102 103 91 7
31-40years .................. 370 76 79 82 86 92 96 101 104 105 91 8
41-50years .................. 205 74 77 82 89 93 97 100 104 104 92 8
51-60years .................. 147 80 80 83 87 92 98 102 104 104 92 7
Older than 60 years ........... 75 76 77 82 88 94 98 101 104 105 92 8
Females
1-2years...........covvennnn. 84 69 71 7 76 80 86 89 91 94 81 7
3years. ..o, 297 69 72 75 79 84 88 91 94 95 83 7
4years............cooiiini.n. 461 72 73 77 81 85 89 93 94 95 85 6
Syears...............iiinn, 126 69 72 74 78 83 88 92 94 96 83 7
6-10years ................... 237 Al 72 75 81 85 89 94 96 97 85 7
11-15years .................. 411 72 74 78 83 88 92 96 98 99 87 7
16-20years .................. 575 74 76 80 85 90 94 98 101 103 89 7
21-30years .................. 994 74 77 80 85 90 95 99 101 103 90 7
31-40years .................. 574 76 79 82 86 91 96 100 104 105 91 8
41-50years .................. 321 77 80 81 86 92 96 100 103 104 91 7
51-60years .................. 177 73 79 83 88 93 96 99 102 103 92 7
Older than 60 years ........... 82 78 79 82 87 91 96 100 102 106 91 7
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Table 4. Erythrocyte count percentile and mean values for black Americans

Erythrocyte count (x 10°/mm®)
Age Number  3rd 5th 10th 25th 50th 75th 90th 95th 97th Mean sD
Males

—2YBarS. ....ouiirranieenn. 70 392 396 404 421 443 472 495 503 505 446 034
3years.........coiiiiiiiian 322 370 382 392 412 437 463 489 501 520 440 040
AYOArS. . ..o vveiiieenanns 444 369 377 393 413 436 459 484 502 514 437 037
5Yyears........cooeeiiiiiiann. 136 378 384 397 422 444 463 485 495 501 442 033
6-10years ................... 188 388 399 405 424 443 470 497 6513 529 448 0.37
11-15years .................. 255 396 401 418 440 471 499 532 550 556 473 045
16-20years .................. 463 411 428 441 463 489 520 554 571 592 493 046
21-30years .................. 715 414 425 443 470 500 530 559 6578 589 500 046
31-40years .................. 370 398 412 432 460 493 523 553 579 593 493 0.50
41-50years .................. 204 380 391 421 454 482 515 556 6574 585 485 054
51-60years .................. 149 370 380 409 440 472 510 536 5.6 578 471 0.53
Older than 60 years ........... 76 373 374 398 426 458 486 517 531 566 460 050

Females
1-2years.........cooeeeennn.. 85 380 38 391 419 449 470 494 512 517 446 0.38
3years...........ooiiiiin... 298 375 382 391 413 440 463 490 510 521 441 040
AYOArS. ....oovveeenineennans 460 370 378 389 411 433 456 478 494 504 434 037
Byears........ccoiiiiiininia.. 126 3.70 378 389 409 439 458 497 522 536 4.38 041
6-10years ................... 238 380 386 398 418 446 473 504 527 531 448 042
11-15years .................. 411 383 392 402 424 449 474 498 519 526 450 0.40
16-20years .................. 574 364 371 386 410 436 463 490 510 525 437 042
21-30years .................. 994 367 373 390 412 438 467 496 512 526 441 0.42
31-40years .................. 574 367 373 384 407 432 462 493 513 529 437 044
41-50years .................. 325 362 365 390 410 436 461 488 513 524 437 042
51-60years .................. 176 366 3.77 394 414 445 473 491 512 527 444 041
Older than 60 years ........... 83 360 369 381 399 434 471 499 507 516 437 044
Table 5. Mean corpuscular hemoglobin percentile and mean values for black Americans
Mean corp hemog (picog )
Age Number  3rd 5th 10th 25th 50th 75th 90th 95th 97th Mean sD
Males

—2Years..........cuuineann. 70 225 233 244 260 275 285 293 304 309 273 23
3years.........oiiiiiiiiiin, 322 223 233 245 262 279 292 302 310 318 276 24
AYOAS. . ..o vveieaaannnnns 444 233 244 256 268 282 29.7 310 316 323 282 2.3
Syears...........oiiiiiinin.. 136 241 242 254 270 282 295 302 305 309 28.1 2.0
6-10years ................... 189 227 240 253 270 286 300 311 318 322 283 2.4
11-15years .................. 2556 234 246 262 273 286 301 315 322 327 286 2.4
16-20years .................. 463 244 258 272 288 303 317 330 336 342 30.1 2.4
21-30years .................. 715 249 261 276 293 309 323 335 343 349 307 25
31-40years .................. 370 248 256 274 290 308 325 341 351 357 307 2.8
41-50years .................. 205 263 266 281 297 312 325 342 352 365 31.1 2.7
51-60years .................. 149 264 276 284 297 316 330 344 351 359 314 25
Older than 60 years ........... 76 2563 267 278 299 313 332 345 354 361 313 2.8

Females

—2Yyears..........cuuiine... 84 225 234 240 255 272 287 301 312 322 272 2.4
3years........cooiiiiiiiiin... 298 223 241 249 264 280 294 308 315 319 279 24
AYearS. ......covviiienaninnn 462 231 241 255 271 286 300 311 317 323 284 2.3
Syears...........cviiiinnn... 126 224 235 251 271 284 299 314 324 329 283 2.5
6-10years ................... 238 225 230 251 271 286 300 310 320 322 284 25
11-15years .................. 411 230 236 258 274 292 306 320 325 331 289 2.6
16-20years .................. 6576 242 251 266 285 303 318 330 339 348 300 2.6
21-30years .................. 994 244 252 267 287 306 322 335 344 351 303 2.7
31-40vyears .................. 6§72 251 261 273 290 308 324 339 349 358 306 2.7
41-50years .................. 325 249 261 273 290 310 323 340 348 353 307 2.6
51-60years .................. 177 246 238 273 292 307 322 333 344 346 305 2.6
Older than 60 years ........... 83 254 268 285 297 313 331 342 343 349 312 2.4
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Table 6. Mean corpuscular hemoglobin concentration percentile and mean values for black Americans

Mean corpuscular hemoglobi (percent)

Age Number  3rd 5th 10th 25th 50th 75th 90th 95th 97th  Mean sD
Males
1-2years..........ccocevunnn. 68 311 313 314 326 337 348 362 375 381 338 1.9
3years...........ooiiiiiiian 320 302 306 313 323 333 348 365 372 378 336 20
4years..............iuiinn 442 302 306 315 322 331 344 357 364 368 333 18
Syears...........coiiiiiiiun 134 309 309 320 330 342 352 370 376 379 342 1.9
6-10years ................... 188 306 308 314 329 338 347 357 36.1 364 338 1.6
11-15years .................. 2556 296 302 309 323 332 344 357 364 367 333 19
16-20years .................. 462 303 306 314 325 339 349 360 364 370 337 18
21-30years .................. 707 304 306 312 324 336 348 364 374 381 337 21
31-40years .................. 367 300 305 314 323 334 348 360 372 380 336 20
41-50years .................. 204 304 307 310 322 335 348 363 379 383 337 21
51-60years .................. 146 297 301 312 323 337 354 373 382 384 339 23
Older than 60 years ........... 76 307 309 319 326 334 352 364 374 376 338 2.0
Females

1-2years..................... 86 304 308 313 326 338 350 359 374 379 338 1.8
3years............ciiiiiiinn 208 307 310 315 325 333 343 354 365 374 335 1.7
4years...........cooviiiinnn 459 302 309 314 324 333 345 359 367 372 335 1.9
Syears.........c.oviiiiiiiinn 123 306 312 317 326 341 354 370 387 389 342 21
6-10years ................... 238 305 307 314 324 335 346 358 364 370 336 1.7
11-15years .................. 411 203 298 308 320 331 342 356 360 367 331 1.9
16-20years .................. 6§72 300 305 313 323 336 348 361 368 375 336 20
21-30years .................. 974 299 305 312 323 336 349 365 374 380 337 21
31-40years .................. 665 299 305 311 323 333 349 367 376 380 336 21
41-50years .................. 324 298 303 310 322 336 346 358 372 383 385 20
51-60years .................. 177 301 303 311 321 332 344 354 370 376 333 18
Older than 60 years ........... 83 298 306 314 326 343 354 368 374 378 341 21

time, 1976-80, evaluated 2,297 blacks ages 3-74
(7). The number of blacks in our study was more
than three times the number in NHANES II.
Tables 1-7 include the 3rd and 97th percentiles in
order to approximate the 95 percent reference
range. The 5th and 95th percentiles are also
indicated because less variability occurs at these
percentiles than at the extreme outer ranges.

As expected, overall median and lower percentile
hemoglobin, hematocrit, and mean corpuscular
volume values for all age groups and both sexes
were consistently lower than previously reported
values for white populations (6-10). A geographi-
cally limited sample such as ours is not necessarily
representative of the U.S. black population. The
large number of subjects in our data base may,
however, compensate for sampling differences be-
tween our study and the previously mentioned
ones. The causes of the lower red cell values in
black populations is unknown, but thalassemia
traits (/1,12) and an increased incidence of iron
deficiency may play a role (/0). Also, as expected,
a sex difference in erythrocyte values became
apparent in our study beginning with 11-15-year-
old boys, who had higher values than the girls in
that age group. The lower percentile hemoglobin
and hematrocrit values we observed in older
adolescent girls and young adult women were
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probably secondary to iron deficiency (3,4). Simi-
lar values in the 5-year-olds of both sexes may
have had the same etiology (3). Hemoglobin values
gradually decreased in males after a peak at 21-30
years, but gradually increased in females through-
out adult life, so that the sex-related difference
became considerably smaller after age 60 (13).

Most (I4-16) but not all (I7) studies of
leukocyte counts have demonstrated lower levels in
blacks than in whites. NHANES II substantiated
this difference, and the values found in our study
were similar to those of NHANES II (7).
Leukocyte counts were highest in children under
age 2, decreased progressively in preschool and
school-age children, and gradually increased
throughout adolescence and adulthood (5). Mean
leukocyte counts for females ages 11-50 were
higher than for males of the same age, but both
men and women had lower values after age 60 (5).
Pregnant subjects were not excluded from the
study, and they tend to have higher leukocyte
counts (/8,19). Because the sex-related difference
persisted until late middle age but not after age 60,
a relation to hormonal physiology is suggested
(13).
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